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APPEARANCES AS HERETOFORE NOTED 


MR. MCNAMEE: Mr. Commissioner, being as it's a New 
15] year, it's probably time to ring out the old and ring in the new, 
and we have a new ball player for the government. He is going to 
carry the torch from now on, a very capable lawyer. His name 
isiTom- Lederer, sitting®*tonmy: right. 

Tom is a graduate of U of T and Osgoode Law School. 


He has spent several years with the Civil hittgationebranchmet the 


20 
Attorney General's Department, and sisspresently, the last few 


months, being working with Osler Hoskin. 
I have already briefed him on the....basically on 
the background, and I've indicated, and I wish to put it on record, 
that I certainly have been very pleased to have the opportunity 
95, Of spending the last year with the Commission. iIt*s a very 
capable, well-run Commission and competent people run it. 
I am looking forward to, I think, a very sterling 
report that will probably throw very strong new insights into 
this perplexing problem that we have been dealing with. 
Maybe if I just introduce Tom so he'll know. Reading 


30! from left to right, Dr. Uffen, Dr. Dupre and Dr. Mustard. 
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MR. MCNAMEE: (cont'd.) I have already given his 
qualifications, but I would like to welcome him and at the same time 
I want to say thanks to Mr. John Laskin and his capable staff for 
the excellent preparation of all the witnesses, his helpfulness. 

IT don't think this Commission could run without Linda 
Kahne a think Je woula grino to a Nalt. *She and her “capable 
assistants have certainly made it much easier for everybody to digest 
the great mass of technical evidence that gives pause to lawyers 
as well as the Commission. i wisn to chank. you “again. 

im not stoning Off until the end of Dr.’ Davis 
evidence. That's probably a good time when there's not so many 
witnesses. I'm sure that Tom is looking “forward*to it and I'm 
sure you will be as happy as I was to have spent the year with you. 

MR. LEDERER: Thank you. 

DR. DUPRE: Thank you, counsel. 

Welcome to the proceedings of this Commission, Mr. 
Lederer, and may I say that you have not only a distinguished but 
very learned predecessor in Mr. McNamee. Learned, as they say, 
not only in the law, but by now, thanks to the summer school 
through which he slaved with all of us, learned in many, many 
aspects of the health effects of asbestos. 

On behalf of my colleagues, Mr. McNamee, I can 
assure you that we have warmly welcomed your presence with us 
and we regret your departure. 

MR. MCNAMEE: Well, I would like to get a copy 
of the report. 

DR. DUPRE: So would we. 

Well, we do indeed welcome a New Year and it is, 
of course, a year in which my colleagues and I are firmly 
resolved is, of course, the final year of this Commission. 

At this’ juncture may Leask Mr. Laskin;. are: there 


any other points that you or your colleagues wish to raise 
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DR. DUPRE: (cont'd.) before I greet our witness? 

MR. LASKIN: The only point I have, Mr. Chairman, 
other than welcoming Tom Lederer as well, is to tell you 
regrettably our friends from Washington, Mr. Warren and Mr. Hardy, 
will not be with us today and they send their regrets. 

I have no other preliminary matters. I don't 
know whether my friends behind me do or not. 

DR. DUPRE: Miss Jolley, or M. Casgrain? 

Mie-CASGRAIN: “Iethink for the record I think 7 
would like to take note of the fact that the Commission was good 
enough to attend at Thetford and at Asbestos to visit the 
installations of some of the mines, and to tell you that the 
Operators were delighted to have the Commission attend at their 
mines and they do, of course, hope that you will find occasion to 
return to perhaps a more detailed visit. 

That's what they say, but of course you know a 
mining operator will always tell you that you will never see the 
end of the hole they are driving, so if you were to agree with 
them you would be there all the time. 

Nevertheless, they want to thank you for having 
come to Thetford and Asbestos. 

DR. DUPRE: 9 That ws. mostigracious ;of wou, Mm. «Casgrain. 
I certainly would want to say for the record that we were most 
pleased with all of the arrangements that were made by your 
Association for us that enabled us to cover three different sites 
in what was approximately fourteen hours of three-stop motoring 
across the landscape. 

Now, ladies and gentlemen, it gives me great 
pleasure on behalf of the Commission to greet our most 
distinguished witness, Dr. John Davis, of the Institute of 
Occupational Medicine in Edinburgh. 


Dr. Davis, I can assure you, sir, your reputation 
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DR. DUPRE: (cont'd.) preceeds you. We thank 
you most warmly for having put yourself to the inconvenience of 
displacing yourself over such a great distance, and may I now please 
invite counsel to guide you in the instruction that you will be 
giving us today. 
MR. LASKIN: Thank you, Mr. Chairman. 


Could I ask Miss Kahn to have the witness sworn? 


JOHN MICHAEL GORDON DAVIS, SWORN 
EXAMINATION-IN-CHIEF BY MR. LASKIN 


OO} ODE Davis, fon the purposeyort ours record) .1v.0Uu 
have in front of you two volumes which contain a selection of your 
publications, and for our record we have given those two volumes 
an exhibit number and it's exhibit forty-seven. 

In the event that we refer to any particular 
article of yours, we will likely refer to it by tab number within 
exhibit forty-seven. 

Could you or would you be good enough just to state 
very briefly for the benefit of all of us your educational 
background and where you have been since you left university, 
where you are presently and what your position is? 

A. Yes. I was a student at the University of 
Cambridge, rather an unusual one in that I went to Cambridge as 
a medical student but having been there a little while I decided 
I didn't want to undertake clinical practice, I wanted to do 
research entirely, so I changed from a full medical course to 
take the subject of pathology as an academic subject, and then 
went on to take a Ph.D. in pathology rather than undertake 
clinical medicine. 

Having done that, I became an Assistant Director of 
Research in the Department of Pathology at Cambridge, where I 


started to work on the subject of asbestos bio-effects, and I was 
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-7- Davis, in-ch 

Ane (COntsd.) Wéhere? for eleven years, from 1960 
to 1971, when I moved to the Institute of Occupational Medicine 
in Edinburgh as head of the pathology branch there, which in fact 
weyset)upsat? that time: 

There we have continued to undertake work on 
asbestos problems, but in fact have expanded interests into other 
fields like early effects of coal and other industrial hazards. 

Is that an adequate summary? 

Q. That's most adequate. Thank you, Dr. Davis. 

Can we begin by you telling us something about 
which we have heard little or nothing during our expert testimony 
this past summer, and that is some explanation as to what happens 
to asbestos fibers when they get inside the human body, when they 
get in cells or in tissue, and perhaps we can then get into some 
discussion of the process of the disease as it relates to asbestos. 

Aw (Certainly. 

Can I start by illustrating a few points on the 
blackboard? 

Q. By all means. 

A. Then I have some slides loaded, which I think 
will help. As you might expect, they are slides of some pictures 
that have appeared in publications so maybe they will be 
recognized. 

Now, if I am talking at the blackboard can I be 
heard properly? 

Q. If you take the microphone with you. 

As Can Iefirst apologize if I make things too 
Simple for anybody, but perhaps it would help if I start really 
right at the beginning when it comes to cells and asbestos. 

First, very simply indeed, can I perhaps set the 
scene of the sort of sizes we are talking about. Here I am 


starting to draw a very simple diagram of a cell, which has 
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bts xt Davis, in-ch 

THE WITNESS: (cont'd.) two components central 
around the nucleus, which is in fact simply genetic material, 
surrounded by an area we call cytoplasm, which is really a 
biochemical factory where all the activity occurs. 

The purpose of the nucleus is simply to provide 
the blueprints for the factory, information needed funnels into 
the cytoplasm where it is activated. 

Now, if we assume that that cell is one of the 
phagocytic cells of the body, or macrophages - these are 
scavenger cells that were designed initially to clear up foreign 
debris in tissues, foreign material that could find its way into 
tissues. Naturally in the course of evolution the main reason for 
this sort of defence system was to deal with biological entities 
like foreign bacteria, but since manhas started to insult himself 
with other things, like asbestos, the body system has done its 
best to cope. 

Now, the phagocytic cells, or macrophages, in 
size something...well, now round it out, let's say about twenty 
microns...and that's a size of some importance. A resting 
macrophage might look something like that, but when they become 
actively phagocytic, that's when they start hunting for foreign 
material to engulf, the surface membrane becomes modified and 
produces a lot of leaf-like processes. In fact, the cells can 
be looked upon as a multipored octopus. 

The purpose of these extended membrane processes 
is obviously to act as feelers to actually find the foreign 
material, whether it's bacteria or asbestos. 

Once foreign material has been found by an 
appropriate process...and let's draw a short asbestos fiber 
there as the example...first this tends to fold back onto the 
cell membrane. These things are not so much fingers as leaf-like 


extensions, so that if they fold back they can press foreign 
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THE WITNESS: (cont'd.) material against the surface 
Opithe cell, © have a picture Of one of them doing it here. You 
see foreign material inside. 

When this happens, the membrane fuses again at that 
point and you merely have the foreign material enclosed in a vesicle 
which, a little Tater on,’ tends to get moved inside the cell itself, 
with its enclosed material. 

I thought perhaps it was useful to draw that out 
since the slides that I'm showing have not got magnification lines 
on them. 

Now, is that clear enough or would it. help to 
loweretnerlronlinge =lSsrcthiatralivrignts 

Most of the slides in this series are electron 
microscope pictures obtained of tissues which have been 
experimentally treated with asbestos fibers. In fact, for 
technical reasons all this experimental work has been done with 
chrysotile. 

The technical reason is simply that in order to 
prepare specimens for the electron microscope we have to cut 
exceedingly thin sections of the cells, and chrysotile is soft 
enough to cut as we would like. The amphiboles are too tough. 

It was exceedingly difficult to get electron microscope pictures 
containing the amphiboles. 

So this first slide really demonstrates the points 
I have made on the blackboard. That is a section of the cytoplasm 
of a macrophage. There is no nucleus actually in a plain section. 
So imagine the section running across something like that, and you 
can see a number of the vesicles I told you about and also, on the 
surface of the cell, you can see quite a number of these elongated 
processes. You can see the fat cell has already engulfed quite 
a number of small chrysotile fibers. 

DR. UFFEN: Do they ever get into the nucleus? 
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THE WITNESS: Exceedingly rarely. I'm not sure that 


I have ever found a single example where I have seen fiber actually 


in a nucleus. I don't know that anybody else has produced a 
° convincing picture. 

It may be that with some fibers if the area is 
damaged that cell could almost spike its nucleus on a fiber, but 
I'm sure that would be a lethal happening, and maybe that's why we 
don't find it. I simply have seen no example of it. 

10 The next few slides simply illustrate these 


phagocytic vesicles at high magnification. The magnification here 
is probably something in the order of forty or fifty thousand times, 
and that bundle of chrysotile crystals would be something between 
two and four microns in length. 

One of the things that you will notice there, and 
15} it is a matter of some importance relating to what I have to say 


later, is that you will notice how the bundle chrysotile...and 


you'll know well from the previous discussions on asbestos...is 
made up of quite large numbers of individual fibrils, each of 
which have a very small diameter - something in the order of 
three hundred, four hundred angstroms, I guess. So one quite 
7 small fiber can contain quite a large number of subunits, and that 


is clearly visible on that section. 


That's another example of chrysotile fibers 
enclosed within one of these phagocytic vesicles. At the bottom 
of the photograph you can see where one of these finger-like 
9,| Processes is folded back onto the cell surface. 

Perhaps you won't mind if I buzz backwards and 
forwards to point to things. 

Here you have some of these finger-like processes 
on the surface of the cell, and here is where the process has 
folded back to form a vesicle. It looks as though in that case 


30} it failed to bring any asbestos with it. Inside this vesicle 
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THE WITNESS: (cont'd.) are quite a large number 
of chrysotile crystals. In this case the crystals have separated 
and you are dealing with the individual subunits of chrysotile. 
That's quite a long one, perhaps one and a half microns to two 
microns on its own. 

Now, having reached this vesicle stage, two things 
seem to be possible. One is that extraneous material is added to 
the vesicle and it becomes solidified into one of these rather 
0 dense structures which you can see is still surrounded by a 
membrane on the outside...a membrane on the outside and individual 
chrysotile crystals in the middle. 


Welre stilr at the level of a forty/fifty thousand 
magnification. 

Now, the material added to these structures te OF 
15] some importance because it relates to the normal biological function 
of this phagocytic process. If the foreign material had been a 
bacteria, it would consist of normal biological chemistry - 
proteins, lipids - and would be easily digested and the scavenger 
cells, the macrophages, having got the foreign material into a bag, 
secrete into the bag special chemicals, enzymes, which are capable 
oy of breaking down biological substances, and this is how bacteria 
are killed. 

When the cell has phagocytozed asbestos, it simply 
has to go through the same routine because that's the only routine 
it knows. So that the dense material surrounding the asbestos 
25 fibers now will certainly contain enzymes capable of breaking down 
the cell structure’. 


In many instances I'm sure everything remains in 
those little bags, which probably become inert and last as long as 
the cell does, and perhaps cause no further problem at all. 

But there does seem to be an alternative for this 


30) process, which you can see there. It is possible for the asbestos 


AG 87 (6/76) 7540-1171 


Pa ee 
Pareles 
a A MN i 
ty A Ene ae i 
ne i 
ee Nc 
Ae ny Shae ray 
al RE ‘usta 


oe id ‘Southard asciabagni) “N 
| vn teste ‘eve Steveirey edit ‘ 
nt an vats sone, te ‘wabaddue oo 
Ly a ewd Lait aneroie Slit 6 | 2 Ane atin } 
tiie ge on a ‘ Cas 
We rand a4, we | ete eet Laibtei ae ithe ale 
i. da Capt a i etwas ite aiscicginies 4 ‘pied a te 
TT es pa TY EEO § SSE: i haba bia tae. 

tw " haabirrere rsce ff ae a bah yi ‘ mi 


. pethe vit Pine S6ietve eee a Se 


Maen rar 
to ay ee poverise, See fy ow fe Shh. Lah sii sult pig ae 
nidgoty > Sen twead a. denen on ie todas List oe Ries u in | , 
& noel! Bed Lew cy. ei 2%, arid, be ie + sesh iinet Vf f te 
oked wih miei wage di Sore ad prvi Bhi way sain mo 
aevene on? DAS. Dota se x Liane, ad bofubie bey sania 
5 ae ue VT : 


- 
a 


etn on | eo 


x! ote 


PLOELGED SER NO LOM wy EE ES aa ea 


Gir stoed wort pa see Ge neat ie 
¥ Less oe x) \eeteertiva Sexe uaa 10 “bone 
( ‘ed ry ri 
aie, siern Wii AA? Set ee ha aA rae = 
‘i ' A i ; f vy 
I scite syle i} s, ft An e's vi a f tine B80 
| eit io? Fo + i Ol : cd & ities iat Bo em rb) bidet 
a a i: Ai ; ayy H hom ey 7 


ot aniamey wand ses aL wT ba eaciny 
vi 


uy = pins ae sant pti ars rash, biwvesal para 
Qelar ite be meg dedgtos 

i fay ar) av isnirieatio on a 6 
Rosette! Bd aah Biuyedem ec 


10 


15 


20 


25 


AG 87 (6/76) 


- 12 - Davis, in-ch 

THE WITNESS: (cont'd.) fibers to break their way 
Out or puncture their way out of the vacuum, the vesicles. You can 
see here is basically the vesicle with the membrane around most of 
the surface. Here, some chrysotile crystals that have obviously 
punctured the bag at this point are in the process of getting out. 

Now, it may be that when this happens any of the 
enzymes liberated around the fiber in the first place, escaping into 
the cell, can actually*kititthe cell? 

I think it certainly happens in some cases, and when 
this occurs after a period of time the cell breaks down completely 
and the asbestos it contains is liberated, and the whole process 
Starts over-again-=' Most/vor the fiber is actually removed from the 
tissues completely, which it can be from lung tissue and I shall 
discuss this in a minute. It simply continues to attract scavenger 
cells to engulf it, hopefully to immobilize it. As long as the 
fiber remains, this process will continue. 

MR. LASKIN: Q. Do I take it that the enzymes don't 
have any effect in breaking down the fiber itself in the same way 
that the enzymes break down bacteria within a cell? 

THE WITNESS: A. As far as we know, they have no 
effect at all. They are designed to chop up specific chemical 
groupings which exist in the biological materials and which don't 
exist on the asbestos fiber, the asbestos surface, at all. 

QO.” *So0 that=-if“L*®understandy rt, while the macrophage 
has totally engulfed an asbestos fiber it's relatively immobile 
and presumably not... 

A. The fiber is relatively immobile. 

Ci And presumably NOEMNna@rMfU Lo CBUt DIT it is. prea: 
something... 

Ae» I*believe that to*be*the case “It's very 
difficult to prove. I believe that to be the case. 


One point...I must point out that these phagocytic 
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Ae LCONt, d.)| w cells lare naturally mobile cells. 
They have to be able to move about and to find the foreign material. 

It's logical to assume that at some point...these 
are very greedy cells and I'll show some pictures later indicating 
that they can take up many, many particles of asbestos...at some 
point I can well imagine the stage is reached where they are so 
full they cannot move and have immobilized themselves. 

Whether this is of importance in disease development 
we are not certain. 

Enis asa. photograph of a macrophage at slightly 
lower magnification - probably about twenty thousand. I'm sorry 
itis a little dark) (but: you can see-that this cell has taken up 
quite a large amount of asbestos. On the outside here are two 
quite long fibers that have not been taken upiby thisiceliy but 
since the stage at which this preparation was made was some months 
after asbestos treatment, it is logical to assume that these fibers 
were Originally taken up by cells which died and this is the 
recycling process at work, and this cell is probably going to be 
involved in phagocytozing, engulfing, those particular fibers. 

This is just another example of roughly the same 
thing - a cell being really greedy and taking up a lot of asbestos 
Eibers. But all very short fibers, you will notice, — something in 
the region of one, two or three microns in length. 

Now, I'm not sure of the importance of this slide. 
One of the things that you will be interested In s-OLPCourse s.1s6 
how the fibers produce disease - that is to Say, produce either 
scar tissue or fibrosis, or later on we'll probably be talking 
about tumor production. 

The macrophages themselves are basically scavenger 
cells. They pick up fiber, foreign material. If they can *t digest 
it, they try and move it, certainly, out of the way. 

Now scar tissue or collagen is produced bY. a 
specific and a different cell type called a fibroblast. 
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THE WITNESS: (cont'd.) So how does the asbestos 
activate this type of cell? 


This slide indicates that certainly some of the 
fiber-producing cells do actually engulf asbestos in their own 
reign. 
This is a fibroblast. Again, a small section of 

yy the cell, only part of the cell, the cytoplasm. On the outside of 

| the cell here you can see the individual fibers of collagen, which 
+ 10| is the material that scars are made of. This cytoplasmic structure 
happens to indicate a cell actively producing proteinaceous material 
of some type, and we can be sure in this case it's producing collagen. 
Inside are a few crystals of chrysotile asbestos. 


Now, a long time ago I think I made the suggestion 


that perhaps some of the phagocytic cells, or macrophages, actually 
15 changed into the fibroblasts, or collagen-producing cells. I'm 
NOt ySsure: 1f that is) corrects, (lt may) well be that some of the 
fibroblasts in the cells have only a small amount of phagocytic 
potential - they can take up some dust. 

So we have the interesting possibility - is it the 
on dust, the small amount of dust taken up by the collagen-producing 
cells that causes the scar tissue, or is it the dust actually 

inside the macrophages. 

Now, you may have heard of the work of Professor 
Heppelston “in Britain, who) used (silica dust...invtact, GUavezaauis tis =, 
and showed that macrophages that have taken up quartz dust 

25| actually produced chemicals that were liberated from these cells 

and switched on the scar tissue cells and stimulated them to greater 
activity. 

So there are these two possible pathways, and I'm 
sorry, I have no information on exactly how important each of them 
happens to be in the production of asbestos scarring. 


Now, so far, the fibers I have shown you have been 
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THE WETNESS >) (cont'd), ‘very small ones. .This 
photograph is a very much lower magnification, probably five or 
six, seven thousand of the original photographs, and begins to deal 
with the subject of what happens to larger fibers that can get into 
lung tissue. 

What you have here, basically, is a number of cells. 
At this point you can see for the first time the general outline 
I drew there with the nucleus of the cell in the middle. That's 
the genetic material, the blueprint factory itself. Surrounding 
it, the biochemical factory or cytoplasm. That's oneicell, and 
another up there, and another there although the nucleus isn't 
included, another there and so on. Maybe a dozen in this picture. 

These are macrophages. They are actually taking 
up ehrysotile asbestos, and for the most part you can see.vou are 
dealing with small particles of the type I was showing previously. 

Now, in addition, you have one really big fiber. 
This one is something in the order of thirty microns in length. 

Well, this just happens to be too big for one cell 
to deal with and the body has developed a technique of walling up 
these large fibers, which I will try and demonstrate, and this is 
the first stage. A fiber is surrounded by cells, all of them 
actively engaged in taking up asbestos particles if they are small 
enough. 

Once again I would attempt to illustrate the point 
that this bundle is made up of many, many subunits so that one big 
fiber potentially can produce a lot of little ones. 

Now, the body does rather more than simply surround 
the big fiber with ae lot of cells. It actually causes the cells to 
fuse, to produce super-big cells. In fact, they are called giant 
cells, which are big enough to deal with a large fiber. Because 
they are fused from a number of individual cells, they actually have 


a number of nuclei.- They are not mucleate cells, but most cells 
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THE WITNESS: (cont'd.) have only one nucleus. 

Now the process is rather interesting. We have 
talked about the formation of these leaf-like processes on the 
surface of the macrophages, and when a number of these macrophages, 
all actively trying to engulf material, surround a big fiber, they 
tend, I think, to almost try and phagocytoze, engulf each other 
and the surface processes get tangled up. 

You can see that in this photograph. This is again 
10| @ magnification of about sixty thousand times. In cross-section 
of these finger-like processes you can see that there is an end 
there to that process in that one, so that process belongs, we 
Canncrace: Lt baGhky  leachink, COrcics Upper cell. ; 

Now, if we look there, there is an end to that 
process and you can trace it to the lower cell. So that these 
15} processes are intermingled. The cell is almost tying itself to 
another cell. 

And then what happens in a way we certainly don't 
understand is that the membranes between these processes begin to 
break down into a series of vesicles, and when this is completed 
the vesicles tend to float away and the two cells have completely 


20 
fused. 


So that a large fiber can actually be engulfed by 


a whole series of cells which unite. 

Now, so far we have talked about asbestos fibers 
simply on their own. There is one way the body reacts to them, 

25| the importance of which we don't entirely understand, and that 

is by a formation of asbestos bodies. Since the process happens 
around all mineral fibers, they tended to produce the general 
term 'ferruginous bodies'...ferruginous because the coating material 
certainly contains some form of iron. 

Now, this photograph, again moder magnification, 


twenty or thirty thousand times, once more you can see you have a 
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THE WITNESS: (cont'd.) large bundle of chrysotile 
ecrystals...forty, .fiftty » ashundred ssmall iones:. 


Now, surrounding the fiber is a thick layer of 

5} dense granules. These granules are ferritin material, which is an 
iron-containing protein that is normally found in tissues, and 
consequently the ferruginous body. It contains iron and we can 
recognize it by using a stain for colloidal iron which produces 
a blue coloration in the tissues. 

Now, we certainly know that a very small percentage 
y Of all fibers become coated to form ferruginous bodies. Why do 
most of them fail to become coated? I'm not sure, but we do know 
something about the formation of the bodies and it may be simply 
a matter of the fibers ending up in the right position. 

What seems to be necessary is for the fiber to be 


1s, held in a position where the giant cells we have just talked about 


sothat the fiber is held in sort of a little local environment 
without actually being right inside a cell. 

These next slides illustrate this process. Here 
we have a transverse section of quite a large bundle of chrysotile 
20/ fibers. Then you can see these individual subunits - lots and 


lots of them. That membrane there corresponds to one of the 


vesicles surrounding a cell, but in most cases where body formation 
is occurring you can see that there is an outlet to the exterior. 

Perhaps it doesn't show up too well on this slide. 

a It will. on, the, next ,one,. 

This slide shows that the first layer of foreign 
material put down around a fiber is rather light-colored granular 
material, which by chemical staining we can show to be 
mucopolysaccharide. 

Then the iron-containing protein granules seem to 

30| be deposited on the mucopolysaccharide. Again, asbestos, now 


it's a much denser granule that is being produced. The important 
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THE WITNESS: (cont'd.) thing here is that there is 
a space’ theres Tf you follow it; it"s” like finding your way out of 
a maze, but eventually you can get to the outside of the cell: 

: Here are these leaf-like processes in the early 
stages that will lead to fusion, but they haven't yet fused. You 
can trace your way from the environment where the fiber exists to 
the outside of the cell at this point. 

DR. UFFEN: Do you mind a question here? 

10 I'm not certain I understand the explanation as 
to how the iron comes from outside and not from the irritant, from 
the fiber or dust. 

THE WITNESS: Well, most types of asbestos, of 
course, don't contain iron. Amosite contains quite a reasonable 
amount of iron. Was this your question? 

15 DR. UFFEN: No. I understand that the iron comes 
in from outside to make the ferruginous bodies. I want to make 
sure I understand it clearly, that it doesn't come from the irritant... 

THE WITNESS: From the fiber itself. 

DR) UPPEN: 20 ¢from” the “fiber, 1f there”s iron in 

a the fiber. -'T®believe that"s true, but I want to... 

THE WITNESS: That is true. I think we can be 
sure of this, because the iron in the fiber would be chemically 


strongly bound. If it was removed, it would be removed in molecular 
form...as individual molecules. 

Now, the coating of the ferruginous bodies can be 
25| shown to be these dense granules. Now, under very good electron 
microscope conditions, very thin sections, exceedingly high 
magnification, you can actually show that each granule has the 
structure of ferritin. 

DR. UFFEN: Ferritin? 

THE WITNESS: Ferritin, with four protein subunits 


30) with iron colloidals interlaced. I think this is accepted. I am 
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THE WITNESS: (cont'd.) not enough of a molecular 
biologist to go too much further, I'm afraid. 
DR. UFFEN: Could I ask another question? Is there 
e any sort of biological reason why those particular iron atoms 
would get into these little granules? They come from somewhere, 


the blood or...I guess. 
THE WITNESS: Well, ferritin is the normal i1ron- 


containing protein in the body. That «..and hemosiderin ,is .a veny 


10 similar one. In fact you can't be sure whether we are Lookingeat 


is ferritin or hemosiderin. Hemosiderin is a breakdown product of 


the blood cells. Eventually it is handled by the liver and turned 


into bile pigments and excreted. 
But the red cells, of course, the oxygen-seeking 


molecule in the red cells, hemoglobin, contains sron.4 Gt 's 

1s} essential for its activity that it contains iron, and when these 
red cells are broken down, the breakdown process involves adding 
the iron to the breakdown products...or rather the breakdown 
products continue to contain the iron. This material at some 


stage - it's hemosiderin - and exists as little granules or 


granule groups of molecules. So that this material is present 
a in normal tissue, and some of it is certainly present inside the 
phagocytic cells themselves. 

Now why it is deposited around fibers - well, I 
think it's the same process that we make use of to recognize 
the fibers. I think the important first stage is coating sthe 
95| fiber with mucopolysaccharide. 

How this happens, why it happens and so on, we 
don't know. But it does seem to be that in this particular 
environment the fiber is partially surrounded by cells and you 
do get coating with mucopolysaccharide. 

Now, one of the chemical things I can't explain 


30} is that colloidal iron seems to be attracted to mucopolysaccharide, 
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THE WITNESS: (cont'd.) and we make use of this 
actually in the pearl stain that I mentioned, because we want to 


see if there is iron-containing...sorry, if you want to see if 


5} there is mucopolysaccharide in the tissues. You actually use 
a stain of colloidal iron and wherever there is mucopolysaccharide 
your stain is stable. 
Tpthank what whe body is doing, .inv tact wit s.doing 
its own colloidal iron stain on these structures. When we want to 
10 recognize ferruginous bodies, we simply add more iron that we can 
see in a microscope. 
qT IBMESOVEV VER Seca tes «uc 


DR. UFFEN: Oh, very good. Thank you. 
THE WITNESS: That is simply a longitudinal section 
fe of the body, an asbestos body. It's protruding through a surface 


15| of one of these cells - asbestos fiber here, layer of 


mucopolysaccharide. For some reason the hemosiderin when it 
begins to be deposited in the body moves fairly quickly in towards 
the asbestos fiber so that the first staining is always seen 
close to the fiber. 
You can see that effectively this body is 
protruding from the.cell, the, giant. cell hasn't, completely formed - 
Now I think it might be helpful to change the 
magnification and switch from electron microscopy to light 
microscopy, to demonstrate at least the process of asbestosis 
or fibrosis, and perhaps it will be easier. Today we'll talk 
95} about what happens to the fibers. 
Thissis aseslide. of, ratelung tissue at.a magnification 
of.only about. five. or, six pundred.” aWwhatvyoushave; here as the 
normal sponge-like structure of the lungs, the spaces are the 
airspaces or alveoli. Each has a pretty thin wall, and in these 
walls the small blood vessels or capillaries run, so that this 


30/ is where oxygen transport occurs. Gas is inhaled and has to pass 
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THE WITNESS: (cont'd.) the shortest possible 
distance where it can reach the blood. 

Now, as I've said, these alveoli walls are normally 
very thin. In order to function they have got to be as thin as 
possible, and that's where the disease process comes in. 

The other thing you can see in this slide at the 
light microscope level this time, these are the phagocytic cells 
Or macrophages absolutely stuffed with asbestos fiber. You can, 
in some of them, see a central blue spot. That is the nucleus 
that we talked about in the electron microscope specimens, 
surrounding the nucleus, the cytoplasm, and the granular structure 
you can see in fact are very large numbers of small asbestos fibers. 

Here is a rather longer fiber that seems to be 
outside the cell. 

The change to light microscopy has reduced everything 
in) Suze. 

Now, I think one of the important things about this 
photograph is that certainly a lot of cells having engulfed a 
great deal of asbestos remain in the alveolar spaces. They can 
remain there for quite a long time, or some of them undoubtedly 
escape into the larger air spaces and are eventually coughed up 
and removed from the lung. 

But some of them certainly sit here in these 
spaces for a long time and they don't seem to do very much. 

But the disease process of asbestosis involves 
the thickening of the walls of the alveolar sac. This is, again, 
a rat specimen treated with asbestos for a long period of time, 
and these much-thickened walls now correspond to the very thin 
ones that you saw in the previous slide. There is a great deal 
of asbestos present. You see granular material or an occasional 
obvious fiber. 

I think the important process, the important thing 
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THE WITNESS: (cont'd.) to see from this slide, 
is that in this thickened wall there is the asbestos, so some 
of it having originally been deposited in the space, picked up 
by cells, has now got inside the solid tissue. TI think this is 
most important in the production of the thickening of the alveolar 
wall, the formation of scar tissue in the alveolar wall, which is 
basically the disease asbestosis. 

How the fibers get in...many of them, L chpnk. ene 
phagocytic cells that have picked them up, these are mobile cells... 
I think they have got two possible pathways. Why they choose one 
and not the other I'm not sure. One pathway is the one I mentioned, 
to be out, coughed out and away. The other one is to burrow 
actually into the tissues, and that is obviously the dangerous 
pathway from the point of view of disease production. 

Somenatais. One's... 

DR. MUSTARD: Can I ask you a question? How active 
is the proliferation at such sites when those macrophages are 
present? Have people done studies to look at the turnover of 
DNA in the cells under such circumstances? 

THE WITNESS: Not in those circumstances, no. 

It could be done if we labelled and injected the animals we label 
at that point. We could get a good idea of the multiplication 
rate. 

DR. MUSTARD: I guess the question I would like 
to ask, and you may be coming to it, the current evidence is that 
macrophages, when they are stimulated, can synthesize and 
secrete mitogen, which for those people not biologically trained, 
will stimulate cells to proliferate. Has there been any study 
done about these macrophages under these circumstances, as to 
whether they do form amrelease mitogen, and if so, how long 


they are able to do it? 
THE WITNESS: There have certainly been no completed 
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THE WITNESS: (cont'd.) studies, and I think you 
are right to point out that perhaps it's rather a pity. 
We have in progress... 
5 DR. MUSTARD: The evidence is only about a year 
andn.apnalfAola, somites snot... 
THE WITNESS: We have in process one project which 
I think might provide some answers to this. A lot of people, 
ourselves included, as you've seen, have studied long-term 


disease production. We are now starting to look at the biochemical 
10 


ao oe 


effects at the early stages and we shall be doing this by 


exposing experimental animals to dust for relatively short 


periods of time, and then we shall be washing out the cells from 
the lungs, keeping washout fluids as well, and we shall be doing 


a lot of examinations on these cells and on these fluids, and we 


15} hope to look for mitogens to see if they may have been produced. 
We'll be getting a lot of macrophages with dust in them. 

The project is not only going to be involved with 
asbestos. It's going to compare asbestos with coal and quartz, 
and some completely innocuous materials as well. 


But, I'm sorry, we've only got started and I have 


20, no information tatuallel al agree with you, it's rather a pity that 


we don't know the level of miototic activity. 


I think in the past many people assumed that the 
macrophages were end cells and they didn't divide when they 
were actively phagocytic. I think we now have evidence that some 
a of them do. What we need is evidence of how often and how 
important this is. 
DR. MUSTARD: My question is based on a very 
practical problem, and that is all the evidence that we have 
been given about the inhalation of asbestos fibers and asbestosis 
is that even when you take a person away from exposure to asbestos, 
30] the process tends to progress...presumably that you would be 


recycling macrophages, new macrophages, new stimulation to the 
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DR. MUSTARD: (cont'd.) process of cell proliferation. 
But there is an interesting problem in this and 
a not totally different experimental circumstance where you 
damage the lining of an artery, another foreign element can 
come in and it, too, releases a mitogen which causes the cells 
in the vessel wall to proliferate. Of course some of us think 
that's the process of hardening of the arteries, 2sbut if -you stake 
away the injury stimulus and stop the cells coming in, not only 
does the scar development stop, it actually regresses. 

I wondered in the pulmonary system if there is 
any experimental circumstance where you can initiate this kind 
of response and then there is...through some technique, i, don *t 
know how you would do it with asbestos fiber, stop the macrophages 
from interacting and whether you can (a) stop the proliferative 
response and (b) whether you might even get some regression of 
the lesion. There is a therapeutic implication of that if you 
could ever achieve it. 

Has any of your work given you any insight into 
whether that is at all possible? 

THE WITNESS: The simple answer is no. It would 
be very, very interesting to do. 

Lywike. you, thinks tbateche progression ronal 
asbestosis, which you can demonstrate experimentally and we have 
been doing... 

M. CASGRAIN: I can't understand. Can you 
speak a little louder? I can’t understand. 

THE WITNESS: I'm sorry. Where shall I start again? 

We were talking about the progression of asbestosis 
and discussing whether or not it was due to the turnover of cells, 
perhaps the proliferation of cells in contact with the asbestos 
fibers. 

The suggestion was if you could stop the turnover 
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THE WITNESS: (cont'd.) or proliferation of cells, 


if you would stop the disease process. I was asked if we had any 


evidence for or against this suggestion, and I have to admit we 


have none. 
But it's a very interesting suggestion and it would 
be very nice if there was some experimental way to approach it...if 


we could stop the macrophages approaching dust after a certain point 


would the development of the disease stop. 
MR. LASKIN: Q.| As. 1 understood it, the fibrosis 


results from this collagen production, and is there something in 


the macrophages, you indicated, that was significant, that the 


macrophages were under this tissue and is there something in the 
macrophages that are carrying the asbestos fiber that stimulates 
the production of collagen? 

THE WITNESS: A. Yes. I mentioned this work 
of Professor Heppleston, and I said that he had undertaken 


experiments with macrophages exposed to quartz, but I think one 


or two people claim that you get the same results with asbestos. 


There is a little argument on Ghiss . 

Professor Heppleston found that macrophages 
treated with quartz produced a substance, 4 factor he called it, 
a chemical, which when added to fibroblasts, collagen-producing 
cells, greatly stimulated their rate of production. 

So that remained one possible way in which 
asbestos or other dust is able to stimulate the formation of scar 
tissue. 

The other possibility that was suggested is that 
small amounts of asbestos actually get into the collagen-producing 
cells themselves, and we don't know the relative importance of 


this process. 
DR. UFFEN: Are you going to be pursuing how it 


becomes cancerous? 
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THE WITNESS: To the extent that we've got some 
information, yes, I would like to take that up later. 

Now, I think the next slide simply shows a more 
advanced stage where the originally thin alveolar walls now 
become very, very thick indeed, and that section of rat lung 
would be very little use for gas exchange. 

This, of course, is why the disease of asbestosis 
is so dangerous. The lung ceases to function, ceases to oxygenate 
the blood and the patient develops severe respiratory disability. 

Now,, coula © switch this off for a moment? I 
think it would help if I settle down here until I want to show 
some more slides. 

Now, when I was invited to appear before this 
Commission to discuss the asbestos-related studies that we have 
been involved in for many years, it was indicated to me that 
there were two particular points that the Commission might wish 
to hear about and to discuss. 

The first one was what value, perhaps what are 
the disadvantages of data obtained from animal experiments, and 
the second one was what do we know about the way asbestos fibers 
produce tumors. 

I suggested to John Laskin it might be helpful if 
I presented a few of my ideas on these two points before waiting 
for questions and discussion on specific points you would like to 
raise. 

So firstly, if we can tackle the subsece-o1 the 
value of animal experiments, do experimental animals react in the 
same way as humans when they are exposed to asbestos dust, and 
I did discuss this matter and the New York meeting in 1977. 

I pointed out that while there were variations 


between animal species in the severity of their reactions, most 


of those that have been subjected to asbestos, most of those species 
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THE WITNESS: (cont'd.) subjected to asbestos 
a number of times, have produced the three main human conditions. 
That is to say only fibrosis or asbestosis, bronchial carcinomas, 
tumors formed inside the lung itself, and mesotheliomas - a rather 
rarer tumor that develops on the surface of the lung. 

I pointed out at that time, at that conference, 
that of all the species that have been used, the rat produces 
these three conditions most readily and appears, as far as we can 
see, to be the best experimental model that's available. 

Indeed, the rat, of course, has been most widely 
used for these studies. 

However, as I discussed in another review article 
that I produced last year and you have been circulated with it, 
there is one way in which the rat appears to react differently 
to what is normally considered to be the human situation, the case 
with human beings. This is in the relative harmful effect of 
different types of asbestos - chrysotile or amphibole, crocidolite 
or amosite. 

I think it's true to say that we have come to accept 
that for humans crocidolite is the most dangerous, and many people 
would say by far the most dangerous variety for human beings. 
Therefore, perhaps, it's rather surprising to look at all the 
animal experimentation that has been undertaken, whether animals 
have been treated by inhalation or the dust has been injected, that 
you find that by and large chrysotile has come out as dangerous 
as crocidolite. Indeed in many experiments it has come out as 
distinctly more dangerous than crocidolite. 

On the evidence of animal experimentation, amosite 
seems to be the safest variety. 

Now, those are the facts as they come Cut Ofsanimal 
experiments. What could be the possible reason? 

Here, I think we are obviously speculating that 


there is some data available. I think the first possibility is 
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THE WITNESS: (cont'd.) that the doses to which 
humans are exposed to in relation to crocidolite, in the past, 
may well have been seriously underestimated. We do know that 
crocidolite is the type of asbestos that most readily produces a 
dust cloud. In a simple way, you can kick a bag of crocidolite 
and produce a tremendous dust cloud, whereas with chrysotile you 
tend to have to manipulate it quite vigorously in some industrial 
process to generate very much dust. 

It could be that the dose levels in the famous 
crocidolite cases that we all know about - Chris Wagners reports 
from South Africa and the reports of gas mask workers - it could 
be that the crocidolite dose was much higher than we can imagine. 

If that was the case, then the so-called excess 
danger from crocodilite was dose-related and type-related. 

Now, unfortunately, I don't think we will ever get really (concrete 
evidence on this point, although I believe the South Africans 

have been looking back in their data and have produced some evidence 
thatimight indicate dose levels,in.the crocidolite plants of twenty, 
thirty, forty years ago were incredibly high. 

But whether or not that is true, certainly one would 
expect crocidolite handling to produce much higher fiber counts. 

MR. LASKIN: Q. Does that relate to the shape of 
the fiber? 

THE WITNESS: A. To a certain extent it does, yes. 
Chrysotile fibers tend to he long and curly. . Amphibole fibers 
tend to be perhaps equally long, but very straight. Biethink when 
you have a mass of chrysotile packed into a bag, the fibers tend 
to matt much more easily. This means that they need to be 
separated quite vigorously in order to produce a dust cloud. 

The amphibole fibers don't matt nearly so well, 
and they are much more easily thrown up into a cloud . 

Q. Is that true of amosite to the same extent as 


crocidolite? 
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Awe Asuetaneas we can tell, ves. The basis for 
that statement is some studies we have undertaken in our animal 
experimental inhalation chambers. 

We tried to see what was the maximum dust cloud 
we could generate with any of the asbestos types...maximum 
respirable dust cloud. That is to say, we used a dust sampler 
that was designed only to take in particles of the sort of size 
you would expect to penetrate into the human lungs. 

We found that the maximum cloud we could obtain 
with chrysotile asbestos was about thirty milligrams per cubic 
meter - a fantastic cloud, true. But we could not get higher 
if we used extra generators and pumped more dust into the 
chambers. We simply produced a snowstorm, because the long,, curly 
fibers actually matted themselves in the atmosphere and fell out 
as visible snowflakes. 

We tried the same thing with amphibole dust, and 
we could easily get to a hundred milligrams per cubic meter, 
and that's where we stopped. We don't quite know what the maximum 
would be with amphibole. But certainly you can generate a much 
higher respirable dust cloud with the amphibole types of dust. 

Another possibility for the apparently different 
results obtained in rats and human beings could be that the dusts 
used in animal experiments have had rather different particle 
size and shape to those that you find in human exposure. 

Now, the importance of this particle size and 
shape we will be dealing with in more detail later, but 
certainly there is some evidence that this could be true in that 
we do know that the UICC reference asbestos samples, the ones 
that most people tend to use for experimental studies, were very 
finely ground indeed and can be shown, on average, to have rather 
shorter fibers than you can collect from industrial situations. 


So it could be that we are not comparing...we are 
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THE WITNESS: (cont'd.) comparing experiments 
with identical asbestos types. It may be that we weren't using 


dust clouds that were strictly comparable because of differences 


in the particle size. That was another possibility. 

The third possibility, and maybe this is the most 
important point, is that indeed chrysotile is potentially the 
most dangerous asbestos variety. But it is also the variety that 
breaks up most readily in lung tissue, and as I'll be showing 
10| Later, we have got some evidence that this is possibly the case. 

Now what could very well be happening in the animal 
experiments is that your potentially very dangerous chrysotile 
could remain in the rat lungs for the two years of their lifespan 
which you need to produce tumors, but given ten years...and the 
humans probably need twenty or more years to produce the tumor...but 
15] in ten years the chrysotile may have broken down and most of it may 
have been removed from the lung tissue. So that the human may be 
able to get rid of the potentially dangerous chrysotile before harm 
actually occurs. 

I think there is quite a bit of evidence on this 
a score when you examine publications that have appeared, people 
have looked at the content of asbestos dust in the lungs of 
exposed human beings. There have been quite a number of 
publications by people like Fred Pooley in Cardiff, but the French 
seem to have been particularly active in this field and I think 
most of the publications have come from their groups. 

25 I think it would be fair to summarize the results 

as saying that you always find in a human lung much less chrysotile 
than the exposure evidence you have would lead you to believe ought 
to be there. Much less chrysotile and, percentagewise, much more 
amphibole. 

So it could well be that chrysotile potentially 


to biological systems is the most dangerous, but it is also the 
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THE WITNESS: (cont'd.) most easily broken up 
and removed if you give it time. 

DR. UFFEN: When you say broken up, do you mean a 
physical breakup or a chemical breakup? 

THE WITNESS: I think the answer might be both. 
Certainly I mean a physical breakup, but the physical breakup may 
depend on preliminary chemical reactions. 

Would you" Like to<=. 

DR. UFFEN: Rather than interrupt you now, perhaps 
we could pursue that later in the question period. 

THE WITNESS: Yes, if you would like. 

MRUBLASKIN.e O.  Just...and, £ don’t mean to interrupt 
you either...but just on that explanation that you have offered, do 
I take it that that explanation depends on the proposition that the 
development of tumors really has some relation to an aia di sO. 
an individual's lifespan? 

THE WITNESS: A. Yes. Thank you for bringing out 
that, pointe. 

T think "it's fair to Say that in any species with 
naturally-occurring tumors and experimentally-produced tumors, by 
far the majority of the tumors develop in the elderly animal, 
the elderly human being. So there is something about the aging 
process which makes tumor production much more likely. Certainly 
in experimental circumstances it's fair to say that you need a 
significant portion of the whole lifespan of the species. 

Now, your rats, the maximum we can keep our rats 
going for is three years. So that is the absolute maximum of time 
for tumor production. In fact, most tumors will be developed in 
eighteen months, two years, two and a half years. 

Of course, human tumors we would probably expect 
the production period to be twenty years, thirty years, forty 


years. Indeed there is evidence with the asbestos tumors, certainly 
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THE WITNESS: (cont'd.) mesothelioma, that they 
can develop forty years or more after first exposure. So ie 
does seem we are dealing with some sort of roughly equivalent 
5} fraction of a total lifespan. 

O. But I take it you would expect that the time 
for breakup of chrysotile on this proposition would be the same, 
or roughly the same, in animals as it would be in humans? 

A. That is my suggestion. There is relatively 
an little definite evidence on this, simply because up until now I 
don't think many people have examined the situation. We certainly 
do know that there is some chemical dissolution of chrysotile 
in lung tissues. I think we've got evidence of some breakup. 

At this point one would simply make the assumption that because 
this tends to be chemical rather than biological, physical rather 
15| than biological, that it would probably occur at a fairly 
constant speed. 

Q. And would therefore take place over most of 
a rat's lifetime and a very short percentage of a human's lifespan? 


A. This is the suggestion. 


But to go on from there, these are statements OF 
20/ the value of animal experiments and I think I've indicated that 
right at this time we might not be able to extrapolate exactly 
from rats to human beings comparisons made with chemically different 
varieties of asbestos, because the possibilities they would breakup 
would be clearly different rates. 

However, it must be remembered that rat studies 


= do indicate that both chrysotile and the amphibole asbestos types 
are both or all exceedingly fibrogenic and exceedingly carcinogenic. 
So the rat is agreeing very well on the general principle and 
perhaps we are getting slightly differing opinions on exact 
comparisons. 

30 We have learned a very great deal from animal 
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THE WITNESS: (cont'd.) experimentation, and I 
think we can certainly continue to do so in a number of specific 
ways that I might mention. 

Firstly, in the field of asbestos substitutes... 
people, of course, for many years have been trying to replace 
asbestos useage with substitutes, manmade mineral fibers are 
perhaps the best known. Now, I think if anything the. rat is imore 
sensitive to asbestos than humans, certainly we can produce tumors 
in very large quantities. I would suggest if you are testing 
asbestos substitutes in rats and get a negative result, completely 
negative result, then I would certainly trust this result. 

The difficulty would be if you got some tumors. 

It would be very difficult to extrapolate dose back to human 
beings and say the safe dose of this fiber is so much. But 
certainly if you wanted to assure yourself whether a material 
is likely to be completely safe, if it can pass the test of the 


rat I would back it to be safe for human beings. 
DR. MUSTARD: Can I ask you a guestion about the rat? 


I presume that these are inbred strains of rats which you are using? 
THE WITNESS: Yes. No. The type used for 


inhalation studies is a strain of AFA hand rats, which are 


crossbred. 
DR. MUSTARD: Yes, but they are stilinay,laboratory 


straingoks rat? 
THE WITNESS: They are still a laboratory strain 


eftrat* 

DR. MUSTARD: The question that comes to my mind 
then, if you took...if you could get ten different strains of 
rats which were not genetically related, would they show any 
differences in response? In other words, are there some strains 


that are more susceptible than others? 
THE WITNESS: This has been looked at, I think by 
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THE WITNESS: (cont'd.) Chris Wagner in New South 
Wales, and I think he has produced one publication...I have 
certainly seen the data...and there is some indication that there 
is variation amongst rat strains. As far as absent percentage 
of tumor production is concerned, there is no evidence of 
significant variation - for example, one strain not producing any 
tumors or very, very few. But there is certainly some numerical 
variations which appears to be statistically significant, between 
the strains. 

DR. MUSTARD: Has anybody tried to explore why 
within one strain of rat only some of the rats come down with 
tumors? 

THE WITNESS: This, of course, raises the subject 
of individual susceptibility. We are aware of the problem. 

You say has anybody tried to explore? I Ch Gie 
answer is no, because I'm not sure that anybody has thought of 
a successful experimental approach. It is certainly the problem 
of all carcinogenesis. I would imagine there are individuals in 
the human population who are much less likely to produce tumors 
than others. We don't know how to find them or why this is. 

DR. MUSTARD: If I can pursue this a step further, 
the humans that are exposed to asbestos, Or course, are not 
inbred strains. They are a random sample of the population. 
Therefore you would range from highly resistant to highly 
susceptible, theoretically. Would that not be another 
explanation for the difference in the results of the rat data 
versus the human data, as you are dealing with one with a 
fairly homogeneous genetic strain which you have targetted on 
because you can produce effects in, versus the human population 
in which you have no genetic control. 

THE WITNESS: It could be. One would have to 


assume that the genetic differences we talk about made the 
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THE WITNESS: (cont'd.) susceptible individuals 
particularly susceptible to one asbestos type rather than another. 
That might be a little difficult to believe. I can well imagine 
that there would be individuals whose genetics made them 
particularly sensitive to asbestos or fibers in general. 

But you may well be right. It's possible that 
the genetic (voice fades out here...half a dozen words inaudible.) 

DR. MUSTARD: But is there any evidence that in 
animal experiments that some strains take a longer time for effects 
to be produced than others? Which would tie back into the 
genetic susceptibility question. 

THE WITNESS: As far as the rat is concerned? 

DR. MUSTARD: Yes. 

THE WITNESS: I am sorry, but I cannot remember 
Chris Wagner's data exactly. I know he got differences in numbers 
of tumors. It may be that he got differences in timespans. I'm 
SoOrGy, . dont know. 

DR. MUSTARD: I don't know of any evidence for it 
either, but I'm just curious as to whether it did occur. 

THE WITNESS: It could well do so. 

But 1f 1 can continue discussing the point of 
animal experimentation where it could be useful... 

DRO DUPRE2 | Couldsl perhaps, Dr. Davis, 7 just 
interrupt at this point because what you have...you may be 
continuing on with exactly the points you were making, but just 
in case you are not something did go through my mind as you 
were speaking a moment ago. 

It's simply this. As I take it from your own 
review of the literature, the animal experimentation results 
where different asbestos fiber types are concerned basically show 
little difference in the hazardous nature of the fibers...perhaps, 
if anything, chrysotile may appear somewhat more dangerous... 


whether the study was an injection study or an inhalation study. 
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DR. DUPRE: (cont'd.) Is that correct? 
THE WITNESS: Yes, that is basically correct. 
DR. DUPRE: And if that is basically correct, one 


5! of the things that interested me very much innyOurD LoS lLoupaper, 
which for the purpose of the reference system we use here is number 
seventeen in the exhibit that contains your Writings... chbSeis, cle 
paper entitled Biological Effects of Mineral Fibers. Are you with 
me? 

10 THE WITNESS: Yes, that's right. 


DR. DUPRE: I was simply very interested in reading 
that paper to note on page 231 your observation that it would 
appear that where glass fibers are concerned...there we are into 
a possible substitute...there is a difference between the 
injection and the inhalation studies, and that apparently glass 
15| fibers appear to be hazardous when injected directly into the 
pleural or peritoneal cavities, but apparently...as you point out 
in the very bottom sentence on that page...so fanrimhalattonusstudies 
with glass fibers have shown little tissue reaction at all. 


Do you have any speculation to offer on »sthe reason 


there? 


20 
THE WITNESS: Firstly, I would say that those 


statements that you have indicated were Gertainiv truesas tar as 
I was aware at the time they were made. 

I think we've got a little more information now. 
The early studies, as I indicated, of glass fibers produced nothing. 
95| AS you know, there have been quite a lot of studies recently, and 
certainly Chris Wagner in Cardiff has been undertaking a big series 
of inhalation studies with glass fiber for the manmade mineral 
fiber industry. 

As you know, there is a conference in Copenhagen 
in April where they are trying to tie together the results of 


30] a large number of research projects on manmade mineral fiber. 
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THE WITNESS: (cont'd.) I believe it's fair to say, 
I have been told by Chris Wagner, he is getting some degree OL 
pathology from glass fiber inhalation. 

As far as the exact details are concerned, I know 
he is waiting until the Copenhagen Conference to produce that. 

But it may be that after Copenhagen we will be 
saying early experiments produced nothing, but the latest ones 
have and we may have some indication of a reason. 
10 I am sorry to be uncertain about that, but 
Certainly it did™appeat that the early studies by inhalation 
produced nothing. 

Maybe the fiber if we get...although I know in 
some of the studies...I believe the study of Lee, of a later 
study, he used very high doses, got enough dust material into 


18) the lungs tocause quite a bit of early damage - alveolar 


proteinosis - indicating that the alveolar walls had been 
damaged from the dust imposition, but this just didn’t progress 
into fibrosis or anything more serious. 
WAY 7.) leretel rss no explanation was really offered. 
90| One possibility is that glass fiber actually breaks down 
relatively quickly in the tissues. You might not imagine this, 
but I think it's a possibility that should be considered. 

DR. DUPRE: Indeed, I was speculating on the extent 
to which some of your own hypotheses that you have for explaining 
to me what happens in the different fiber type situations might 

25| be applicable to glass fibers. With reference to the inhalation 
studies, for example, is it possible that the aerodynamics of 
glass fibers is different from the aerodynamics of asbestos 
fibers. 

THE WITNESS: If the fibers are the same length and 


diameter, and the same density...and the density I am not sure about 


because I am not a physical chemist, be sure of this...then ac ort 
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THE WITNESS: (cont'd.) sure in air they would 
behave the same way. They would reach the same position in the 
lung if their length and diameter and density are the same. 

Certainly we know that length and diameter of many 
glass fibers can be the same or very similar. Certainiysthe 
amphibole asbestos variety.st Thereforesyou would expect that type 
of fiber to get into the lung tissue. 

With regards to glass fiber of fiberglass, or 
manmade mineral fiber use in general, I'm sure it's true to say 
that in the early days, and to a large extent now, much of ene 
fiber is far too thick to possibly get into the lungs. 

So that the real question is, is modern manmade 
mineral fiber going to have a sufficient percentage of the very 
fine fibers amongst the general mix to produce a potentially 


dangerous dust cloud. 


I think there are, in the more modern manmade 
mineral, there are some of the finer fibers present. These are 
ones used for large industrial processes. The question is, is 


there going to be enough Of the tivber.. 
But experimental work, a lot of it, has been done 


with the rather unusual, very fine type of preparations that 
have been introduced. I think the best known series was produced 
by Johns-Manville in the United States. They produced a series 
of glass fiber (a few words inaudible) for industrial production, 
but they had a wonderful series, the finest of which «Chris 
Wagner is using, amongst others, break down many of the fibers 
down to the asbestos range, and certainly with that variety 
it was possible to produce a cloud and I imagine you could get 
as many fibers into the lung as a cloud of asbestos. 

I don't think that fiber is in any industrial 


useage at the moment, probably because it's too expensive to 


produce. 
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DR. DUPRE: I can take it though, I gather, that in 
the injection experiments the dimension of the glass fibers that 
have been injected would be fine dimensions? They would be of a 
dimension that would easily be inhaled? 

THE WITNESS: The problem, of course, is that... 
especially with glass...that to produce a dust cloud for inhalation 
the lung selects its own sizes. If things are too big, they won't 
getsingatgall: 

If you take the original glass material and you 
injectssome of iuylinevitablyhyoukvesegot to inject all the fiber 
that is there so that you will have some fiber that will be too 
thick to be inhaled... ‘I think» that's inevitable. 

Butuyourwill calso;aof tcourse;ihave ‘all «the ifibers 
that are small enough to be inhaled. 

The best experiment was done with things like the 
very fine Johns-Manville dust that had eighty or ninety percent of 
fiber within the respirable range. Then you were left with a few 
LOO aN LCK. 

But it iscone of«therlimitations «in sinjection 
studies that you have to put in the whole sum. 

If I can continue, I was discussing ways that I 
think we could get valuable information from animal studies. 

A second way that I would like to suggest is 
we can still explore the importance of variation in particle size 
and shape, and we will be discussing this more later on. 

Here I would simply like to say that if experiments were 
conducted between chemically identical samples of asbestos, which 
differ.conly in theiritphysical’ size, -.themal'mefairly «sure the 
results obtained from that would be fairly directly extrapolatable 
to human beings. 

In otherswords), iif tthe rat indicated ithat one 


particular fiber length was the dangerous one, then I would 
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THE WITNESS: (cont'd.) certainly expect that to 
apply to human beings as well. 

DR. UFFEN: But there are no major differences in 
the passage getting down to the lungs, between a rat and a human? 

THE WITNESS: There are differences, but I don't 
think they have any great effect at the sort of sizes we are 
talking about which, as we'll indicate later on, are probably a 
question of whether a fiber is ten microns long or twenty microns 
long or thirty, perhaps. I don't think you would get major 
differences in particles of that size. 

Another way that I was going to mention, possibly 
the effect of chemical treatments. I know that at the present 
time there are a number of chemical treatments being considered, 
certainly for treatment of chrysotile, that may or may not affect 
the harmful nature of the dust. 

Tt think there are other reasons for the treatment 
as well. They may have industrial advantages as well. 

But I think if you are comparing treated and 
untreated samples of exactly the same type of asbestos, you 
probably would get results from animal experiments that you could 
rely upon unless...and here we come back to the same CGavedoen + Eile 
chemical treatment is such that it would actually affect the 
breakup of fiber. This is something one would have to check on. 

I think I would indicate at this point that 
one field of research that I think will be most important in the 
next few years is for us to look at the breakup of fibers in 
lung tissue...evidence both from experimental animals where we 
can control the situation, and what evidence we can get from the 
human situation. We do need to know what happens to the fiber in 
the lungs as far as breakup - splitting longitudinal or 
transversely is concerned. This is a field that I think has been 


relatively ignored in the past. 
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THE WITNESS: (cont'd.) So that was a Little 
summary, perhaps, of some of the problems of animal experimentation 
and some of the things that perhaps we should be thinking about 
for the future=< 

The second question... 

MR. LASKIN: Would the Commission, and perhaps Dr. 
Davis, wish a short recess? 

DR. DUPRE: I think that might be entirely 
appropriate, counsel. Dr. Davis has been going at a wonderful 


pace here. 


Shall we break for maybe ten minutes? 
MR. LASKIN: Sure. . 
THE INQUIRY RECESSED 


THE INQUIRY RESUMED 


MR. LASKIN: Are we all set, Mr. Commissioner? 

DRE“ DUPREG" If you please, counsel, will you resume? 

MR: ‘LASKIN: Dr. Davis? 

THE WITNESS: Before the recess, I was about to 
tackle the second question that we indicated earlier, and that 
was what information have we on the way that asbestos fiber 
causes tumors. 

Now, I think it depends exactly what you mean by 
that question. If you mean what exactly is the reaction between 
the fiber and the cells by a chemistry that causes a Cenliy6 
become a cancer cell, then I think we've got to say simply we've 
almost no information at all. But equally, we've almost no 
information at that sort of level about any type of carcinogenesis. 
We simply do not understand the normal control mechanism of 
cell division in that sort of devant We do not understand exactly 
how a cell is told to switch on and divide at a certain speed for 


a certain length of time, and then stop again, which happens Big 
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THE WITNESS: (cont'd.) the normal body. 

So at that sort of level we know nothing about 
asbestos carcinogenesis. 

If on the other hand you mean what are the parameters 
of asbestos dust that are most important in tumor production, then 
we do have quite a lot of information. I think first of all we 
can say that all attempts to relate asbestos carcingonesis to 
the identity, the chemical nature of the different asbestos types has 

completely failed. There seems to be no evidence that the 
chemistry of the fiber is at all important. 

In addition to the actual chemistry of the fibers 
themselves, there has been work done on the chemical contaminants 
of bulk asbestos samples. One of the best-known pieces of work 
in this field related to the fact that it was shown that certainly 
some chrysotile samples, the bulk samples, coming out of the 
asbestos mills contained quite significant amounts of the 
chemical benzpyrene, which is one of the best-known chemical 
carcinogens that there is. 

Now, this benzpyrene could be shown to be absorbed 
very strongly onto the asbestos fibers and quite naturally it was 
suggested that maybe the carcinogenic potential depended on this... 
the contaminant and not the asbestos. 

But work was done by a number of people in which they 
very carefully extracted all the benzpyrene from asbestos samples 
and compared the carcinogenic effect of extracted and unextraced 
samples, and the results were identical. 

It did not appear that the benzpyrene had any 
effect at all. 

I thinkeit"s true to! say-that at theimoment itis 
generally accepted that the important factor in asbestos 
carcinogenesis is the size and shape of the fiber. Now, a number 


of workers have studied the importance of this, going back I think 
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THE WITNESS: (cont'd.) to the earliest paper by 
Professor King, I think, in 1946. He showed that long-fiber 
asbestos samples that he had prepared by cutting them in a special 
machine were more...produced more scar tissue, more fibrous tissue 
than short-fiber samples. So that the idea that long fiber might 
be more dangerous than short goes back as far as 1946. 

It was years later when the same sort of finding 
was made in relation to tumor production, and I think the most 
important work on this side of things was undertaken by Merle 
Stanton and his group in the United States of America. 

This group, of course, has published a number of 
Papers over the years. They examined the carcinogenic potential 
of a large number of different samples of fibrous dust, which 
they injected or implanted into the pleural cavity of rats. 

They carefully measured the particle size distribution 
of the dusts they implanted and they very carefully analyzed the 
data, the number of tumors produced, in relation to the particle 
number and particle size of the dust implanted, and they came to 
the conclusion as a result of this detailed analysis that the 
most carcinogenic fibers were those longer than eight microns 
and thinner in diameter than about one point five microns. 

At least that was the figure given in the early 
papers.) + noticenthat an ithe flast ipaperuthatastanton'!s group 
produced they were indicating that the most carcinogenic diameter 
was actually less than that, and they were suggesting something 
down to point two..five; of a micron. 

But basically they were showing quite clearly 
that the most carcinogenic fibers were relatively long and pretty 
thin. 

But from all those studies the important piece of 
information that came out was again that the chemical nature of 


the fiber didn't seem to matter, whether it was chrysotile or 
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THE WITNESS: (cont'd.) amphibole...or indeed many 


of their studies were undertaken with glass fibers. 


produced with all. 


Tumors were 


DR. UFFEN: Do you mind my just drawing attention 


to a comment here, because I would like to be quite clear on this 


one in what is listed as our exhibit number twenty-six and which 


was) in 9/80): It's the Use of Animal Inhalation 


Experiments in the Study of Asbestos Bioeffects. 


The thing that is troublingmeis your very last 


sentence, and what it says is: "Much more data is 
but it's present in rats at least: 
appear that while long, thin fibers 


essential for tumor production with 


necessary, 
It would 
may be 


any asbestos 


type, the fiber chemistry also plays an important 


partie 


Now, that's 1980. It is. 1982. Am I hearing you 


correctly that you didn't say that now? 


THE WITNESS: I think you are probably right in 


picking out a point there that I have used thesword ‘fiber 


chemistry' more loosely than I would like to do,» ands IL. thinksthe 


statement that I made there would certainly be more applicable 


if we talked about speed of fiber breakup, which may well be 


related to the type and therefore the chemistry. 


But certainly, thank you for pointing out that 


anomaly. 


The point I was making that in Professor Stanton's 


work it did appear that the fiber type, chrysotile, amphibole or 


glass fiber, didn't matter very much...it was the length and 


diameter of the fibers that were really important. 


Now, in one of his early papers Stanton pointed 


out that while it was fairly obvious that the long, thin fibers 


were the most carcinogenic, the tumor incidence didnt correlate 
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THE WITNESS: (cont'd.) terribly well with the 
actual numbers of long and thin fibers in a particular sample - 
not as well as he might have liked them to. And he did suggest 
that he got a much better correlation if he produced a figure from 
the theoretical number of long, thin fibers that could be produced 
if all the bigger fibers broke down into their possible subunits. 

In other words, if you had a bundle of chrystals - 
as you do with asbestos - if you imagine them breaking up into 
the theoretical number of subunits, this correlated better with 
tumor production. 

Now, this idea wasn't taken much further by Stanton. 


I think the reason was that a lot of his later experiments were under- 


taken with glass fiber where the fibers do not exist as bundles 
and are not capable of breakdown. He used glass fiber in so many 
of the later experiments because he was able to get better- 
controlled fiber sizes than was possible with asbestos, and 
therefore he believed this was a more acceptable experimental 
material for dealing with tumor production from fibrous minerals. 

However, although this idea of Stanton's was not 
taken further at the time, I think it is an important one and I 
think it does tie in with some of the work we have undertaken 
recently in Edinburgh. In this respect at this point I would 
simply like to pick out two publications...rather two experiments.. 
the first of which was published in 1978, and the second of which 
was presented at the Cairo Conference this summer on occupational 
medicine, and therefore since the Conference report isn't out, 
has not yet appeared in print. 

In the first of these two studies we examined the 
effects of both mass and fiber number on the harmful potential 
of asbestos, using the UICC reference samples. 

This has been circulated. I probably remember 


the results, but perhaps it would be helpful if I simply put 
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THE WITNESS: (cont'd.) on the board the relevant 
data which we've got in slide form. 

MR. LASKIN: Q. Is what we have as tab number 
ten, the article .*. 

THE WITNESS: A. “ That “1s “correct. 

MR. EASKIN: “Sim the British Journal of ‘Cancer. 

THE WITNESS: Now, in this experiment you'll see 
we approached the idea of mass versus fiber number by taking the 
three standard samples - chrysotile, crocidolite and amosite - 
and exposing rats at the same mass of ten milligrams per cubic 
meter. We then reduce it, since amosite had the largest fibers, 
we reduced the mass of chrysotile and crocidolite in separate 
experiments to the level at which we calculated we would have 
the same fiber number as ten milligrams of amosite. 

You will see in the column of fiber number that 
we didnt "get things exactly "right. Experimental conditions 
seldom are. But we got the numbers reasonably close - 550 ver ML, 
390 per ML, 430 per ML. 

DR. DUPRE: May I just interrupt for a moment, 
Dr. “Davis? 

Counsel, is that...have you found that table under 
tab ten? 

MR. LASKIN: No, but I've seen that table. 

THE WITNESS: I'm sorry. That should be in number 
ten. 2 Les noe cere, 

DR. DUPRE: Number ten is the article entitled 
Mass and Number of Fibers? 

THE WITNESS: That's right. It should be there. 
There's been a page been missed out. I didn't look at this. 

It should be there because... 
MR. LASKIN: Actually, it appears as table number 


one in tab twenty-six. 


7540-1171 


ri. ofik Lnfoe 
i anew fet add Breod tad 0 ue i" te evant 
Cla ‘ n mkv Arey as evad @ gw: dee ai ; ip | oy 
Hh | Be a ‘ in ehh , See i Ala wie 
Sie ene any oo) desea wh ps ee De ae 
4 goaney td i mtoot dais tae! aria: web. " * hed Pisesinane Se 


: | eS 
ate (if tery Ihwrreque atAt nt wor acammev - 
rt Pra te i ere itt ae 
ott prixed vd wedhind! ted) agetey aL smn ne: wind sion buries qc 
ke bam Ba wd Lb pers “el tonya o te Legmes bashes alam 
\ 8 ‘ut fa 


» taba seo emauph tt tm 93 $0 geem amet oe ae. Btet pnt » ay. af 
ba ig chahe saybes edd, ow i 

5 pe - eB +) Loabioawts) BB af ; oF CNTs ude Li be POE! Hu auz’ Bact 
Ve 4 sivow ew hege erent "3 ' tobdw om Dewed @ iy ‘OF aging 
v Dtnd kh Pernt vwdeh 4 
feety cadmen eadeh For eee ob sda bom ‘have Uy a at 

. : i$ihnomw Latuanisaeged. .sa¢L2 ViAnENw won 303) 
iM tee QZe grain vidaitieave weckiod en aug a) gue 
| iM 294 08 wea 

nomon 6 {Tor Saywereras, sevt T wae :ansva «AG | 


anne ee Hoeven OS er 7e8oms ve Cte 


i Ny 7 
aba eLdsdt geadd Betvot voyvoved.. eats Bl yeeagos (Sr) 
’ “eae ay ie i" 


altitin fang? eee ov? TL eh OM, | * rie ACAAL eal 

eeu ib ot binddia aadhiayesae ob R iaaserrw sur n 
ner | itis! a aE alae otage | 
wt(tidow elotgas sip ek peo rede BATS, 

athe ered lag thiirerts se) cient a! ‘teat pees 
| i ns th Meade °AbED | ee Linares! nel 


Mh 


ii 


No AA f Pair 


- 47 - Davis, in-ch 
DRe DUPRE:4.0h,.in'tab twenty-six? 
THE WITNESS: I have probably reproduced that number 
occasionally. 
5 MR. LASKIN: Yes, I think you have referred to it. 
THE WITNESS: This is where it first appeared. 
DReRDUPRERY Weceele see it.ec it, ispiandeedsines.at 
page 454 of your tab number 26. 
Thank you, counsel. 
Excuse me for interrupting, Dr. Davis. 


10 
THE WITNESS: In the column of fiber number, I 


should point out that we estimated fiber number in the way 
that is estimated in factory dust counts. 

That is to say, we counted fibers visible in the 
phase contrast light microscope and counted as a fiber anything 


15| more than five microns in length as long as it had an aspect 


ratio, a length-to-diameter ratio, of greater than three to one. 

So these are the fibers that would have been 
counted in the factory. 

You will see from the simple summary of results 
as far as fibrosis is concered, the first three columns, you can 
ad see there is no relationship to dust mass...the chrysotile ten 
milligram cloud is much more fibrogenic...and not very much 
relationship to fiber number in that, if you compare the bottom 
three sets of figures, well, amosite and chrysotile may be close 
enough for experimental difference, but crocidolite produced almost 
95| no fibrosis. 

We come along to the number of lung tumors produced 
and you will see that compared to mass, the chrysotile produced 
many more tumors and produced the only malignant tumor. 

If you compare fiber number, the bottom three 
sets of figures, again it's the chrysotile that stands out. 

30 Now, at the time we suggested that the possible 
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THE WITNESS: (cont'd.) reason for this came when 
we examined the dust clouds with the scanning electron microscope 
and estimated the counts in a slightly different way. We produced 
fiber length distributions, percentage number of fibers» at:each 
length compartment, and we found that the chrysotile cloud 
actually had a much higher proportion of fibers that were over ten, 
certainly over twenty, microns in length. 

So that counted as they would be counted in the 
factory, our fiber numbers were relatively ehosel ucActually;rit 
you consider the number of the longer fibers - over ten and 
certainly over twenty microns - the chrysotile cloud had the 
highest number of these long fibers. 

Now, at the time we suggested this was the 
explanation for the apparent excess danger from chrysotile. 

I still think that that was part of the reason, but I think there 
was an additional factor which we certainly didn't appreciate at 
the time of this publication. This came out as the result of 
another study that we undertook, and this was using dust from 
chrysotile material prepared by the wet dispersion process. 

Now, is this a process that is well-known, or 
would it be helpful if I very briefly summarized? 

MR. LASKIN: I think it would be helpful if you 
briefly summaried it. 

THE WITNESS: The wet dispersion process, basically, 
involves taking the raw chrysotile material from the mill and 
treating it with a mixture of detergents. THiS. 1S) asprocess 
undertaken by many different companies throughout the world, and 
I believe the actual mix of detergents is very often a company 
secret. But by and large chrysotile is treated with detergent 
which causes the bundles of fibers to separate, so that the 
relatively-thick bundles separate out into all the little 


individual fibrils that I have been trying to show you this morning. 
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THE WITNESS: (cont'd.) You've got a very fine 
slurry that almost looks as white as milk and about...not too 
much more dense than that...halfway through this process. 

The end of the process is that if you now treat 
the slurry with an electrolyte, chemical electrolyte solution - 
and again, the exact solution varies from company to company — 
the fibers are then stuck together again...apparently, from a 
chemical point of view, much more firmly than they originally were. 

However, they certainly are not stuck together 
again beautifully lined up in bundles as they were. It is now 
a felted mass. 

The industrial process is useful in the following 
way: The slurry is extruded froma nozzle and the electrolyte 
solution is applied at the nozzle so that you actually extrude... 
the process works so quickly...that you actually extrude a yarn 
of this reconstituted asbestos. It's naturally a rather.swetk, 
loose structure to start with, but when it is dried out and 
spun you produce a textile yarn which has the advantage from the 
industrial point of view that it really is much tougher and 
longer-wearing, so I'm told, than standard chrysotile yarn. 

From the health point of view, it has attracted 
attention from the obvious fact that handling this material 
produces very much less dust than standard,.chrysotile.~jaractory 
counts of areas handling the wet dispersed chrysotile usually 
are very, very much lower than the same type of process, weaving 
process, using standard chrysotile. 

So that is the process. Now, we undertook some 
inhalation studies with it because we wanted to look at all types 
of asbestos to try and learn a little bit more about the asbestos 
bioeffect, how asbestos reacted in the tissue. 

The first thing was that we managed to convince 


ourselves very easily of the truth of the idea that it's very 
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THE WITNESS: (cont'd.) difficult to generate dust 
from wet dispersed chrysotile. 

I told you earlier that with UICC chrysotile the 
maximum cloud that we could generate was about thirty milligrams 
per cubic meter. We found with wet dispersed chrysotile the 
maximum we could possibly produce was four milligrams per cubic 
meter. Try as we would, we could not get above that level. 

That being the case, we decided to undertake the 
experiments at four milligrams. 

The dust material looked very different from standard 
chrysotile or UICC chrysotile, and I think the next two slides 
ought to indicate this. 

First, this is the wet dispersed chrysotile. This 
is a picture taken with a scanning electron microscope and the 
importance will be more obvious when you see the second one aig) 
comparison. You can see that you've got relatively few pretty 
long fibers. These are about two hundred microns in length, 
and five microns or so in diameter. 

Some of them, theoretically, would not be 
respirable, but relatively few fibers. 

For a comparison, you have UICC chrysotile put 
up in the same way, taken at the same magnitication-. ..Omrdo: ger 
an occasional long, thin fiber up to two hundred microns, but 
the majority of the dust, as you can see, is much smaller...many, 
Many more particles present. 

Now, since we had only four milligrams per cubic 
meter of dust and since the fibers were so relatively few in 
number, you expected the dust to be quite innocuous. We were 
rather surprised at the end of the study to find that our four 
milligrams of wet dispersed chrysotile had actually produced more 
tumors and as much fibrosis as ten milligrams of UICC chrysotile. 


Our statisticians say that the tumor numbers were 
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THE WITNESS: (cont'd.) not significantly different 
although there were several more with the wet dispersed chrysotile, 
but nonetheless if you accept them as the same number, it means 
that four milligrams of wet dispersed chrysotile is as bad as ten 
milligrams of UICC chrysotile. 

Now, what was the reason for this? I think we 
probably discovered the reason by doing some transmission electron 
microscope examination of the lungs of the animals treated with 
the wet dispersed chrysotile. This is shown in the next two 
slides. 

Sorry, firstly that is simply a follow on fiber 
length distributions of those two dust clouds I just illustrated. 

Measurements done with the scanning electron 
microscope...this shows the percentage of dust fibers greater 
than a certain length in the two dust clouds. Wet dispersed 
chrysotile is at the top, and UICC chrysotile is at the bottom. 

I think these are the two points that are of great 
interest. With the wet dispersed chrysotile, if you follow that 
across, you can see that over twenty percent of the fibers were 
more than twenty microns in length. Whereas with UICC chrysotile, 
something like two percent of the fibers were over twenty microns 
in length. 

That is simply a summary of the data I mentioned, 
of the number of tumors produced in these two studies. 

We did, in fact, have two sets of wet dispersed 
chrysotile-treated animals and we compared the tumor number results 
with chrysotile at ten milligrams and chrysotile at two milligrams. 
You will see that as far as the adenomas, which are benign tumors, 
are concerned, the numbers were very simiiar in all groups. 

With the malignant tumors you can see that adenocarcinomas, 
squamous carcinomas, mesotheliomas, the numbers with the wet 


dispersed chrysotile were higher than the ten milligrams of UICC 


7540-1171 


‘‘poeom 34 


Lousy 


dosek, veiver, 


ib yeas e913 Wags “ 7 


gon yTa> boas 


ab 


, Tedd 


i 


POH 


paw! 


mere & 


Gh 


3 I iW 
; ond at ‘whes soon 
R38 yids 


ie af wis! a4 > ¥ be 
Ped CH Bf Riss 
: f 
7, 
oy 
P on — 
* 1 a eal at 
> io LLAaIS 1) ea 
rr 
ISHiy, Gi arses 
nn ; i. , 
7 re 4 Wi he ta 
ot 
+ Mo. wolti SNAG 
+e S| * : - r 
ry! 
1h rt a ee 
_ al 
4c} y Oy 
/ i fe } 
} Si Jag) ) s i 
Os tty May Zu iP 
fe 8 a ia. 20 ) 
+4 “ 
' a ke) of ble a | 
Ws Pew p 2 
4 
them Ll stan «ris 
wl - 
: oh ab " 5 
os 7 sh oy foe i 
sa2Lb sew 26 eses 
ne / ‘ “y % Pad I, 
mA | Oma Si 2 
i 
. - iS oe ate 
Lim ow? 36. elisoey 
— / OAT 
ite th acall 24% Mors we 


Pe core) ote D 


ou ost ris 


eT) to, Sain 


0 , 


ifs 


nae 


Pa J Ca ¥ fa 


Tei ie nes. eh erlovotm hnews 
zed? etd 34 ) tran zag ows Ane 


veerd od haawbarg excmu sean 


- 
od a de py 


: A W GIOD CF eaplibery 
SI HHO Tse) .BAns 


FHeuh ows lee { daar reed 


ead SO baa at it Of sas 


$ ata sess hated b a 
av 30 IIS "S AE ib 2 edd peree 
nay € ent s ad 398 fBD way 


5 
ay ? ‘ « 


LS LH el iam ite Bh ‘sity 


Pe 


owt! avidly in? th i Bit By’ mes 
sak dunhel ou brim einalon basi 
“in, boas @ amanpi tlm ned bod 
RAMI oe ‘wed, a5 383 4 
. Ae elimbe rae a oM sxe 
a waned: ee paul? | lace aD wee, & ron 


id 


weit ate, yam if tjoas 


a a ee Mf sib, 3 F 


ug 


- 52 - Davis, in-ch 


THE WITNESS: (cont'd.) chrysotile and very much 
higher than the two milligrams. 

I believe that's simply a summary of the results 
I was talking about. 

Now, these are the transmission electron microscope 
photographs that I mentioned. I'm sorry, I know these are a little 
bit light for these light conditions, but what we discovered in 
the lungs of these animals was that there were absolutely no bundles 
" of fibers left. Everything...no masses, no flakes...everything 
had broken down into individual fibrils. 

Now, with cutting of very thin sections...fibers 
running in all directions...many of them would be cut, naturally. 
Occasionally you expect by luck to get one running in the plane 
15 of the section. 

In some of these you can see individual fibrils 
that are really, quite long. They are...that one I think is the 
longest and we measured that at ten microns. So some of these 
individual fibrils are in the fiber length that Stanton claims 
is the most dangerous, the most carcinogenic. 

20 I think what was happening with the wet dispersed 
chrysotile was that although the process would chemically have 
stuck the fiber back together in what appeared from an industrial 
point of view to be a stronger way, when put into physiological 
fluid in the lung tissue the fibers that had been originally 
separated found it much easier to separate again. 

a So that the relatively few fibers, big ones, that 
got into the lung tissue, relatively quickly break down into their 
individual subunits producing very, very large numbers of fibers. 

On this basis of fiber number we would certainly 
expect that we've got more individual fibrils there in the tissue 


than we would have done with the UICC chrysotile. 
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DR UFPENSeer have ‘a.smalliconfusion.  1lf*this*is 
a very thin section, how do we know that those small ones aren't 
just looking at an end-on, or you know, if they are in a random... 
: THE WITNESS: Yes, that is quite possible. We 
can't be sure. All that we can say is that the ones that appear 
long, we've got that amount of them within the plane of the section. 
So when I said that that length is ten microns, we know that's the 
minimum length. So fiber could be continuing, it could have gone 
10 out of the plane of the section. Those little ones could be long 
fibers cut in transverse section. 
DR. UFFEN: That's my submission. 
THE WITNESS: But there is no way... 
DR. UFFEN: There is no way to say that there is 
a large proportion of ‘smallsfibers, then? 
15 THE WITNESS: No, I didn't make that point for 
that reason. We probably have, but that section could not be given 
as evidence definitely to prove it. 
What it can be used as is evidence firstly that 
the fibers are breaking up into individual subunits, and secondly, 
that some of those subunits are at least ten microns in length. 
= DRACUEFPENS Fil (sti MN ama diitttlevpuzgzled. If these 
things are matted together, they are not all aligned in the same 
plane by the time you get to use them. So if I take a matt and 
tear it on edge and then slice through it and take a picture, all 
I'm going to get is a bunch of little things just ii ke: thattarcso 
it could still be matted. 
THE WITNESS: No, I think the actual recombination 


25 


effect is very much closer than that in bringing things back into 
physical contact. 

Now, if we go back the point to remember is that... 
back two or three...these are the big fibers that were in the 


30) dust cloud. Now, magnification is such that each one of those 
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THE WITNESS: (cont'd.) would certainly be made up 
of many...let's say a minimum of fifty subunits, and the point I 
was making is that you no longer find fibers of anything Tike’ that 
dimension in the lung tissues. They have broken down. 

The only thing you now find is the individual 
subunit. 

I think my last slide was simply showing that at 
rather higher magnification. Again, I'm sorry that the light 
19| isn't quite right. 

This is showing an area of fibrosis and you can 
see individual chrysotile crystals, but they are lying paralted: .% 
I don't know if that's important or not...to collagen fibers, and 
it's a useful demonstration that the subunit of chrysotile happens 
to be about the same size as the collagen fiber. 


15 Again, the point there is that the individual 


fibril is separate. 

That is the last slide I have. 

I think from that evidence we are getting to the 
stage where we ought to put more and more emphasis on what happens 

om to the fibers in the tissues, and by fibers I mean relatively large 
ones that undoubtedly start off in the atmosphere. 

I think we are probably going Lot find thatethe 
damaging potential depends on the number of fibers in the 
critical size range within the tissue, and because of this breakup 
it will be very different from the number of fibers we measure 

25| in the atmosphere. 

With wet dispersed chrysotile it is logical to 
suggest that because it separates so easily the number of 
individual fibrils produced is quite fantastically large. Hence, 
it's excess danger, apparently to the rats. 

Now, here we've got to digress backwards to the 


suggestion I made that the difference between rat and human 


I } } ; ; } 
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THE WITNESS: (cnt'd.) reaction may depend on the 
speed of time of breakup of fibers. 

The results certainly indicate that wet dispersed 
chrysotile is more dangerous a material to expose rats to than 
standard chrysotile, but the very fact that this appears to be 
due to separating the dust out into individual fibrils, the finest 
possible subunits, I think means that these finest possible subunits 
are the most likely ones, given time to break up completely, and 
therefore I would not interpret this information was suggesting 
that the wet dispersed chrysotile is going to prove particularly 


dangerous to human beings. I think it may be in a form where it 


10 


most easily breaks up and can stay in the rat lung long enough. 
But if the human lung does deal with chrysotile by somehow 


breaking it up within the safe time period within the safe time 


15] period of human species' lives, then the wet dispersed chrysotile 
would be just that much more easily broken up or more easily 


removed. 
DR. DUPRE: So you are back at the hypothesis then, 
Dr. Davis, that the rats simply do not live long enough... 


THE WITNESS: That would be my suggestion, yes. 
20 


DR. DUPRE: ...for the breakup to take place. 
THE WITNESS: That is right. Not enough breakup... 
I'm sure some does occur... 
DR. DUPRE: Is that a chemical process, the breakup? 
THE WITNESS: Well, let us discuss that. I think 
o5| there is some chemistry when we are dealing with chrysotile. 


Certainly it can be shown that in physiological fluid and even 
more rapidly in weak acid solution, the magnesium ions..and of 
course chrysotile is a complex magnesium silicate...the magnesium 
ions can be leached out of the structure and this initially is 

a chemical reaction. You are still left with a fiber that looks 


30| much the same, but chemically it can be shown to have much less 
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THE WITNESS: (cont'd.) magnesium. It ends up, 
effectively, as amorphous silica. 

Now, I believe chemists agree that this should be 
a much more fragile fiber when it contains magnesium, and therefore 
more easily broken up physically at this point. So it may be 
that the breakdown process starts as chemical, the removal of 
magnesium, and then we are left with something that is physically 
weaker. 

MR. LASKIN: Q. What do you mean by breakup? 
What is the significance of breakup? Does that hasten its removal 
from the lung? 

THE WLINESS: “A. Can I just deal with that fora 
minute? 

I suppose by breakup I mean both the length and 
diameter. If we start off with the fairly big fiber with many, 
Many subunits, I suppose it's fair to say that splitting that up 
into individual ones as probably happens with wet dispersed 
chrysotile at one stage of breakup, it probably increases the 
danger. 

But then you've got something so thin, maybe 
mone’ Leasily reactive! to. tthe bodys "chemicals, but I think its 
structual strength, torsional strength would be reduced, and 
then I think you would get it much more easily cracking up into 
pretty short lengths. 

f think certainly? *both from the physical point 
of view, those short lengths are much more easily removed. It 
is even possible that you get to the stage where the short 
length of amorphous silica may dissolve completely. I don't 
know the answer to that one. 

But certainly I think once you have cracked them 
down into these short lengths one macrophage can remove many of 


them, and whereas amacrophage containing long fibers may be 
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THE WLTNESS: (cont"d.) physically incapable of 
movement because long lengths are so difficult to remove, with 
short fibers they may find it much more easy to escape and clear 
them from the lung. 

This is a subunit and they are much more...this is 
the dual process that I was talking about. 

MR. LASKIN: Q. Looking at it from the other side, 
is there some hypothesis or proposed explanation as to why the 
10} long fiber is apparently the dangerous fiber? 

THE WITNESS: A. In my interpretation of the 
matter there have been one or two suggestions, and I could 
summarize them. 

Some people have suggested what is fairly obvious - 


if you have a cell that you have already demonstrated containing 


15 ; ; 
short asbestos fibers, they can get the fiber completely inside 


the cell and: they can pick up a lot of fibers: .-cach one can 
pick* Up, a 1OtC.Of Eibers. 
But the same sized cell, if it tries to deal with 
something that sort of size, its reaction probably to wrap itself 
29| around one end with the nucleus pushed to one side, it is physically 


incapable of dealing with the whole thing. 


Now, people have suggested that the breakdown 
enzymes, the lysosomal enzymes I was talking about, tend to 
be deposited around the asbestos fibers, short ones, may now be 
deposited around these fibers because...the long fibers...because 
25} the cell can't really tell whether they are inside or out. 
Because there is still a hole to the outside, then 

these dangerous chemicals can now leak out past the fiber that's 

protruding from the cell. That is one hypothesis that has been 

suggested. 
~ I am not too happy with it because I don't think 
we've got any evidence that these lysosomal enzymes in cells are 


} I 
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THE WLTNESS: (Cont'd.) carcinogenic, able to 


produce tumors. 

Now, it's something that possibly occur. There may 
well be a leaking effect of the long fibers. Apart from that, I 
think we've just got the’ facts that all the fibers “are the 

most carcinogenic and as I said at the beginning, chemically we 
just do not know why. 

DR. UFFEN: Just to see if we can clarify this 

190| bit about in the beginning, the chemical input, we were talking 
about magnesium a minute ago and we were having a little difficulty 
because all of them have magnesium. The difference between the 
amphiboles and the chrysotile is primarily based on iron or 

calcium or sodium. Two of us got lost when you were talking about 
the stability in terms of the magnesium content. 

15 Could you back up and have another go at that? 

THE WITNESS: This is where I get lost, not being 
enough Of 4 chemist... 0 think it's true to say that’ at has been 
shown that whereas the magnesium in chrysotile can readily be 
removed, certainly by acids and to some extent by water or certain 
on physiological fluids of the sort you would find in the lung, it 

is not possible to remove the magnesium from the amphibole in the 
same way. 

I believe one of the main industrial advantages 

of the amphiboles is that they are mostly acid-resistant, whereas 
chrysotile isnt. his ts leallveindicacing Che poines chau tie 
25| acid can't pull the magnesium out of the amphibole fibers. 
Well, chemrcal ,easons For €Nis;, lL mysorry, © m 
not enough of a chemist. 

DR. UFFEN: It's rather odd that in nature when 
you find the actual fibers themselves in the rocks, these rocks 
are millions of years old. They are not what you would call 


unstable in their natural environment, and by and large in the 
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DR. UFFEN: (cont'd.) natural glass formed in 
nature the ones with more sodium and calcium and potassium are 
the most stable, and the ones with a lot more iron and magnesium 

5} are the unstable. 

But it takes enormous changes in temperature to 
affect the stability of natural glass in nature, and when we 
start to talk about the small changes that can take place inside 
a human being or an animal, there doesn't seem to be any comparison. 

THE WITNESS: You know, I'm wondering if in the 

a rock condition whether the asbestos, the veins of asbestos ore, 
the fibers are so packed together that I have always imagined 
they were almost hidden away from any sort of chemical reaction 
after their formation...until man comes along and rips them out 
and does things with them. 

15 iMmdontUer knows fethat'shalfarmm comment Or mor. 

DRMUPEEN ae Welly slethinkeite senot yinethemsense 
that it's a matter of time. If you have enough time, the chemical 
reactions take place in the rocks. But you need thousands and 
thousands of years to accomplish what apparently can happen in a 
very short time in other circumstances. 

20 THE WITNESS: I'm sorry my knowledge on that 
aspect is small. 

DR. UFFEN: I guess you can see what's behind our 
questions about the chemical nature of this. If we can get this 
thing resolved from the point of view of our Commission, it has 

oe implications in so many different areas of whether or not the 
chemistry is triggering or ineffectual, or is there any hope 
for) treatments (lpethere 1s hope for what to do in the future 
and we spend all our time on physical dimensions only to discover 
ten years from now that it was triggered chemically, it would be 
a terrible waste of time. 

30 THE WITNESS: Indeed, yes. 
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THE WITNESS. (cont*.d.) I think I indicated there 


is no real evidence that chemistry comes into play. The statement 


that I made, that you drew my attention to, was merely a loose way 


of indicating that there was a difference between different 


asbestos types. 


To, that.extent I'm. simply turning, tory chemistry. 


One's ideas change very rapidly with new 


experimental data. I would now put much more emphasis on 


breakup, which 


probably is related to chemistry but is not 


chemistry in itself, as the important factor. 


Now, so much of what I'm saying is some concrete 


experimental evidence and ideas developing from that, and of 


course what we 


ideas. 


really need is more evidence to substantiate the 


I think I have mentioned before, I think some of 


our most important fields of research in the future should be 


this breakup or lack of it. It might be an idea that can be 


proved to be wrong, but so much of the evidence is in favor 


of it at the moment that I think we can demonstrate actual breakup 


~ and we need to 


study it in different conditions to decide whether 


the idea really is true, given long enough, that things like 


chrysotile will break up and go...therefore to man relatively 


safe...whereas 


in short-lived species they haven't got time to 


break up and go before the proper amount of time. 


I think we do need a lot more information on it. 


DRe DUPREs snl sethere.aaway)that.vouscould just 


help a layman here in terms of explaining what you mean when you 


make the statement that fiber breakup is related to chemistry 


but is not the 


chemistry in itself? 


THE WITNESS: The onus is a matter of word useage. 


Probably what I mean is, certainly there is evidence that 


different types of asbestos break up at different rates. 
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THE WITNESS: (cont"d.) ‘chemistry, to that extent 
you could say that fiber breakup relates to chemistry or occurs 
with different chemistry. But it may not necessarily depend on 
the ‘chemistry. 

If one says that chrysotile breaks up faster than 
amosite, it may be the binding of the fibrils which is not too 
much to do with the different chemical structure of the asbestos 
fibers. 

This is hypothesis or suggestion. It's very 
diftrcultwto be sure-that 1t “s*notvchemistry. One can say there 
is evidence of difference in breakup for different types of 


asbestos and different types of asbestos do have different 


chemistries. 

I was going on to one more aspect. 

DK. DUPRE “sls *this! the Cairo +. «2 

THE WITNESS: The wet dispersed chrysotile study 
was the one I presented at Cairo, yes. It will be out when the 


Conference report appears, which may well be another year the 
way conference reports go. 

We are, in fact, continuing work looking at some 
different varieties of wet dispersed chrysotile, and the results 
of that study will be available in another eighteen months to 
two years. 

I simply wanted to see if we could get evidence that 
different types of wet dispersed chrysotile might separate at 
different speeds and this might relate to different (inaudible). 
That’ study re™sti Li ongoing. 

Now, I think the conclusion can be drawn from 
the studies I have mentioned today certainly is that long fibers, 
long, thin ones, are more harmful than short fibers. But quite 
obviously a very important question indeed is are the short fibers 


completely innocuous or only relatively so. 
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THE WITNESS: (cont'd.) Our data certainly 
indicates you get less tumors with short fibers, but the real 
information is if you have asbestos of any short fiber length, 
do you get any tumors at all. 

We certainly haven't got the definite answer to 
this. Two workers have looked at this problem - Stanton and 
his group and Professor Pott in Germany - and undertaken 
experiments where some asbestos types were very finely ground 
indeed so that they have a very high proportion of short fibers 
or very small proportions of long fibers. 

The results of these studies show much fewer tumors 
in each case with the short fiber samples, but in each case some 
tumors did develop. 

Now, it has been suggested these experiments 
should be interpreted as suggesting that short fibers to some 
extent can produce tumors. But I wouldn't accept that evidence 
exactly at the moment, for the following reasons: I think as 
I have already indicated this morning the breakup of asbestos 
is such...the possible potential breakup of asbestos is such 
that you could treat a sample in a way that would increase the 
proportion of short fibers and actually increase the absolute 
number of long fibers. 

Does that need spelling out, or has that been 
obvious from what I've been saying? 

Let me do so in case you haven't followed. 

Let's imagine you've got a dust cloud, a hypothetical 
one that we would love to have, a hundred percent long fibers. 

A hundred percent of fibers at say, ten microns in length and 
about one point five microns in diameter. In other words, Stanton's 
highly-carcinogenic size. 

Now, because these bundles consist of so many 
individual fibrils, magnified, you can see how the fibrils are 


packed together in a big bundle, and the one point five diameter 
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THE WITNESS: (cont'd.) fiber, you would have 
something in the order of one thousand individual fibrils. 

Let's take one of the fibers in our one hundred 
percent long-fiber cloud and split it up into a thousand individual 
fibrils, all of them ten microns long. Out of that thousand let 
us take nine hundred and ninety of them, leaving ten aside. 

The nine hundred and ninety, let's chop up into 
one-micron lengthsso that you get ten short fibers. That means 

10} in your final cloud you will have nine thousand, nine hundred short 
fibers and ten long ones. 

Now that in fact is ninety-nine point nine percent 
short fiber, but instead of your one original long fiber you 
have now got ten. 

So simply grinding up your asbestos, increasing 

15! the percentage of short fiber, isn't a complete guarantee...until 
you" are’ sure’ tnere s nothing long at all... that any reaction) you 
get is entirely due to short fibers. 
I think one should remember this caveat. 
We are in the middle of a study that may prove 
54 interesting. We've got from Johns-Manville in the United States 
what I think is probably the best short-fiber sample of asbestos 
ever produced. They've taken a lot of trouble over it. 

We were Originally told there would be nothing 
over five microns in it, which would make it marvellous. In 
fact we found very few fibers over five, and we rather hope that 

25} there is nothing over ten which would mean it's certainly the 
best short-fiber sample anybody's ever had. 

DR. UFFEN? Can you put a test to this by, arter 
the animal is dead, taking some of the tissue and examining it 
to see whether there are...what is the distribution of fibers 
in the actual animal that you are observing? 

THE WITNESS: We would very much like to do this, 
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THE WITNESS: (cont'd.) and we've tried it.’ But 


we are not happy with the results we have got for the simple reason 
that we found it can be demonstrated the very process of getting 
fhe fiber out is such that’ 1t "can break-up™a"“lot’'of the fibers 

that are there, and at the moment we are not happy that we've got 

a technique that will get the fiber out in the same fiber length 
that re @s"srtting there in the*first* place. 

When we have, undoubtedly this is a most important 
40| study. At the moment I would suspect anything that we got would 
have an exaggerated portion of short fibers because we would be 
breaking up a lot of fibers in getting them out and we haven't 
got any easy answer to this problem at the moment. 

I think that almost concludes what I wanted to say 
this morning. I was just saying we are doing some work on the 

15] Johns-Manville sample. We are comparing the short-fiber sample 
to a long-fiber preparation, amosite from the same bag. We 

have simply generated a dust cloud, and in fact it's a very long- 
fiber cloud *witha*higner proportion”of long*fibers’thanvany 
other one we've seen, so we will have an answer soon. 

be TY byeenance;+that short-frber cloud produces 
nothing, then I think we will have good evidence that short fibers 
are completely safe. 

If it produces a few tumors, then we are back where 
Pott and Stanton were - is it the very few fibers over five microns - 
and then we've got to look for a better cloud, perhaps with nothing 
25| over five microns. 

We are left on this subject of what are the 
important factors in tumor production from asbestos, with the 
idea that it is probably the number of long, thin fibers 
actually within the lung tissue that is the important factor. 
Added to which they've got to stay there for the length of time 


a particular species needs to produce a tumor, and there is 
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THE WITNESS: (cont'd.) obviously so much more 
information we need, and at the present we simply haven't got it. 

DR. UFFEN: At coffee break you made a very 
interesting observation when we were just chatting, and I 
wondered whether you would just like to repeat it briefly, and 
that was whether or not it's important whether the fibers get 
intowthe mucleuss.ofuaycell sorsinathe..what do youccall,»it.., 

THE WITNESS: The cytoplasm. 

DR. UFFEN: The cytoplasm. And you mentioned 
something that I had not ever heard before about the importance 
of the cytoplasm. 

THE WITNESS: Well, I think what we were discussing 
was the fact that it's exceptionally rare, if it appears,at all, 
for fibers to be found in the cell nucleus. Obviously the 
cytoplasm is the area where the fiber is first taken up. 

I can't remember ever seeing an example of a cell 
with a fiber within the nucleus. I can imagine mechanically it 
could happen, cell movement might almost impale the nucleus on 
the fiber, but I would suspect that could be a lethal happening 
and the cell would rapidly die and it would be impossible to 
obtain pictures of it. 

That's my experience. It could happen, but it 
must be incredibly rare because I have never seen it. 

DR. UFFEN: Then the conclusion is, is it that 
whatever message gets to a cell and turns it into a cancerous 
malignant thing comes through a message in the outer part of 
the cell, not through the nucleus? In other words, we are 
affecting the DNA message in the cytoplasm? 

THE WIINESS: Lethink that. is.true and. Lethink 
we are more and more beginning to understand in the field of 
cell biology that in the complex organism, made up of many, 


many cells, one of the most important control systems exists on 
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THE WITNESS: (cont'd.) the cell surface where it 
touches the next wall cell, and you certainly get a lot of 
messages passed from cell to cell and a lot of messages passed 


from the cell surface into the interior. I think a lot of people 


would be happy to suggest at the moment that the control mechanism, 
the normal one which tells the cell to divide, could well come from 
the outside, work through into the nucleus, switch on the nucleus 
as required, and in normal tissue turning off again. 
10 If that's so, the carcinogenic stimulus could 
come in the same way. 

DR. UFFEN: Would I be right in saying that 1’m 
not likely to read that in elementary biology books? 


THEAWL UNG Sos lt S probably true, DULY Lethink 


that can certainly be accepted from molecular biologists these 
15| days as being a likely generalization, and they are busily looking 
for the details of exactly which protein molecule is involved in 
the control. 
DR. MUSTARD: John, could I just ask a couple of 


questions? 
Me. LUASKLNS Sure. 
ri DR. MUSTARD: You are not proposing that the 
monocytes become the malignant cells, are you? You are proposing 
really it's the other cells, the cells lining the lungs, the 
cells lining the respiratory tract? 
THE WITNESS: We are dealing with two types of 
25 malignancies, two general types of malignancy, but both are 


carcinoma, where quite obviously the malignant cells are the ones 
lining the respiratory tract. They are the ones that produce 
tumors in cigarette smokers. The histology of the tumors is 
Similar. Some people say with asbestos you get more of one 
particular type than in cigarette smoking, but by and large 


30| we are dealing with the same family of tumors. 
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THE WITNESS: (cont'd.) The mesothelioma is a much 
stranger tumor, and I'm not too sure anybody knows all aspects 
of it. It's strange because it's a tumor of the next epithelial 
type of connective tissues. 

Certainly the early stages of mesothelioma 
production in rats, where we have done some electron microscopy, 
I can't tell the difference between what are obviously early 
tumor cells, because you've got a mass growing, and cells you 
find in the asbestos granuloma....rather like macrophages except 
that they haven't got any asbestos dust in them. 


So what is the cell involved in the rat or the 


human being? From a mesothelioma point of view, again one might... 


it might be helpful to summarize; the surface of the body cavities 
is covered by a single layer of cells that flatten themselves out 
very much like fried eggs, so that a series of them edge-to-edge 
covers a surface, with the cell nucleus forming the yolk of the 
egg. 

Now, I think initially it was certainly felt 
that it was these cells, which are called mesothelial cells and 
are normal, turn into tumors producing mesothelioma. 

I am not convinced of that myself at the moment. 
Mesothelioma has a mixture of epithelial-type cells which could 
come from this or connective tissue-type of cells which are 
difficult or impossible to distinguish from other types of 
connective tissue malignancy. 

In the early rat stages, I've got a feeling we've 
got a cell which is multi-potential to the degree that it can 
either become a flattened cell or it can produce something that 
is akin to a fibroblast. 

DR. MUSTARD: I guess really the question I was 
trying to get at is, the theory that you've got on the board is 
in effect that the monocyte is unlikely to become the malignant 


cell and that it's really products either released from the 
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DR. MUSTARD: (cont'd.) monocyte during its 
partial phagocytosis or incomplete phagocytosis of a fiber, or 
products that are released and lost when it dies, and that 
presumably those products either have to be taken up by your 
cells that undergo transformation, or affect the surface of 
your cells that are going to undergo transformation. 

THE WITNESS: You've picked out an obvious, 
very obvious and very important point, and I'm not sure of 
the answer. 

Certainly in the asbestos granulomas the local 
experience will eventually produce mesotheliomas. We've got 
cells that contain asbestos, but apart from that look very much 
like the early tumor cells. 

So I wouldn't rule out the idea that carcinogenesis 
occurs because...mesotheliomas occur because some of these 
multipotential cells pick up asbestos. 

I think that's different from talking about the 
really obviously committed macrophage, which I think is probably 
an end cell who does nothing else. 

I think there are other multipotential cells 
which may multiply under the stimulus of asbestos in the 
lungs. They may pick up asbestos and may be pushed into tumor 
production: by thas. 

The alternatives are a series of hypotheses by which 
the asbestos is in the macrophage and somehow that fact affects 
cells around and makes them become tumor cells. We haven't 
got the answer. It could be so. It could be so. 

MR. LASKIN: Can we break for lunch. 

DR. DUPRE: Is this an appropriate time, counsel? 

MRee LASKING. tathinksi teis,<Mr.«<Chaigman: 

DR. }DUPREss\ To raise, for_lunch? 

THE WITNESS: I have reached the end of what I 
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THE WITNESS: (cont'd.) wanted to say. 
I'm simply very pleased to deal with questions as 
they arrive. 
5 DR. DUPRE: That's very kind of you, Dr. Davis, 


MR. LASKIN: Quarter past two. 
DRe DUPRE: Ouarter past two, then. 


THE INQUIRY RECESSED 


10) “eaeGaticon after aii «3 


THE INQUIRY RESUMED 


DR. DUPRE: Dr. Davis, are you ready? 
THE WITNESS: Yes, indeed. 

DR. DUPRE: Indeed. 

Counsel, will you proceed, please? 


15 
MR. LASKIN:: -sure. 


Kf 
i 
| 
i 
a | and may I take it then that we will resume at quarter past two? 
i | 
i 
i | 
i 
| MR. LASKIN: Q. I just have a few questions on 
this issue of fiber size distribution before we leave it, Dr. 
Davis. 
Do I take it that the Stanton research that you 
20| told us about this morning is consistent with the results of your 
Own research at Edinburgh? 
THE WITNESS: A. As far as we can determine, yes. 
We wouldn't, from our data, be able to put a specific length 
on the most dangerous type of fiber. 
Now, as I indicated this morning, we've now got 


26) what I think is quite good evidence that the very, very finest 


very thin fibers are the most dangerous ones. 

Q. When you say the most dangerous, are we 
talking about carcinogenic potential and fibrogenic potential, 
or are we just talking about the ability to produce cancer? 


A. In most cases, fibrogenicity and carcinogenicity 


i| ones are the most dangerous. But we certainly agree that long, 
if 
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A. i(contiid?) eseemitoygosinyparallel. ,You.dosrget 
some exceptions, but saying the most dangerous fibers I was 
indicating in general both fibrogenicity and carcinogenicity. 

Q. When you talk about carcinogenicity, you were 
talking about both lung cancer and mesothelioma? 

A. Yes. As far as inhalation studies are concerned, 
experimental animals have produced quite large numbers of bronchial 
carcinomas, very few mesotheliomas - which is probably the human 

10| situation after all - so that if we come into statistics on 
mesothelioma, we probably haven't enough number, sheer numbers, 
to do very much. 
For mesothelioma production we tend to rely more 
on the injection studies, which are unnatural - but unnatural 
in being unduly sensitive, producing an unduly large number of 
1S tumors. 

Os) «Isethere anything which you are aware of in 
the human studies, either in looking at lung tissues afterwards 
or in any of the other studies, which either supports or detracts 
from what apparently your group and Stanton have found with 
20 respect to animals and long fibers? 

A. I don't know of any such information. 

Q. One of the...and:I here ran into some 
difficulty as to whether anybody put forward any evidence for it... 
but one of the speculations that has come across our Commission 
over the past summer is the possible concern that mesotheliomas 

25| may be caused by the short, thin fibers. I suppose my question 
to you is, is there any evidence anywhere that lends any support 
to that proposition? 

At oWell)id dealtiai little bit, with that, subject 
before lunch, saying that there are some animal studies where 
finely-ground asbestos has been shown to produce a few 


mesotheliomas. But I did point out that even in these samples 
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A. (cont'd.) certainly you would have had quite 
large numbers, although a tiny percentage, of long fibers. But 
we still can't be sure whether it's the short fibers or the CIny 
percentage of long fibers that are causing the trouble. 

I think one of the pieces of information which 
has worried people, and I think it certainly needs to be confirmed 
or refuted, is the finding by the French group - especially 

LeBouffant - where he was examining dust from human lungs and 
the main finding, of course, was the one I indicated - very little 
chrysotile in the lung tissue, relatively large amounts of 
amphibole, although the exposure data seem to indicate the 
opposite. 

But LeBouffant's surprising statement was that 
when it came out to the pleura where mesotheliomas develop, 
all he could find was firstly chrysotile, and secondly, very 
short lengths of chrysotile. 

Now that, I think, is a very, very surprising 
finding. It has not yet been confirmed by anybody, but I think 
that perhaps is one that has led to perhaps more speculation 
on the danger of short fibers than there would otherwise have 
been. 

I would perhaps like to speculate myself that 
if LeBouffant's actual statement is true, that maybe what is 
happening is that he got a lot of...or the cases involved might 
well have had long-fiber chrysotile in this position previously 
and it broke up, as we have discussed. 

Now, whether that means it was in a position 
to produce tumors, whether it lasted long enough to produce 
tumors, whether it actually ever did, is something that we 
really can't speculate about. 

But I think it's most important to check that 
statement and find, if everybody agrees, that really short-fiber 
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A. (cont'd.) chrysotile is what you mainly 
find out in the sensitive mesothelial area. 

DR. DUPRE: Dr. Davis, could you repeat the 

5} name of the expert? 

THE WITNESS: This is LeBouffant, Viron (phonetic) 
LeBouffant from Serche. 

DR. DUPRE: That's spelled? 

THE WLINESS:. The. name? B OQ.U.F.E A Nat, 
LeBouffant. 


Led DR. DUPRE: lLeBouffant. 
THE WITNESS: I forget exactly where the 
a| presentation was published, but it will be mentioned in that 
review article. Which one will that...? 
a] MR. LASKIN: Tab thirteen. 
45 THE WITNESS: LE Ssuthat one acuwel le Thats: t. 
a The French groups work very closely together and LeBouffant 
made the statement elsewhere and Sebastien's group has tied in 
“| elgg gp 
Which number did you say? 
MR. LASKIN: Tab thirteen, Dr. Davis. 
nl 20 DR. MUSTARD: Is the Sebasti€n group's work 
confirmatory of the other work, or is that just really the same 
5 | work? 
THE WITNESS: They work so closely together that 
honestly I'm not sure of the answer to that. 
es They work very, very closely together indeed. 


The article I was talking about was one produced 
last year on the Relative Effects of Asbestos. It was that 
largish, red document. I'm not sure which number it will be 
ONwehLS ys i. 

The reason I mention is that I will have the 

39} reference in here. LeBouffant (title of article in French) 


Review Francaise de Maladie de Respiratoir, 1976, was the reference. 
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MR. LASKIN: Q. To your knowledge does he himself 
offer any explanation for what he says he found? 

THE WITNESS: A. As far as the finding of short 
fiber only out near the pleura, he hasn't really got an explanation. 
As far as finding very little chrysotile in the main lung 
tissue is concerned, his suggestion is the one I have already 
indicated. He seems happy with the idea that the chrysotile 
breaks up and is removed more easily than what is probably the 
relatively-small proportion of amphibole that people inhale. 

Q. So do I take from what you are saying if one 
were to accept his findings on their face that one possible 
explanation would be that it was the long fibers that were there 
on the pleura and may well have caused the mesothelioma, and 
then have started to break up when he looked at them? 

A. This is a possibility I would suggest, 
certainly. 

QO! Is another possibility that this breakup 
factor could have taken place elsewhere within the body and then 
could have these now-shorter fibers then found their way to the 
pleura and remained there? 

A. There is again the possibility of this, because 
short fibers certainly would be transported more easily. Dust 
transported out to the pleura probably goes inside macrophages, 
to a large extent. But he would have imagined some of it would 
be relatively long. 

But it is possible that only the relatively short 
stuff gets moved that far. Certainly we are left with the real 
question that here is a definite statement that could indreate 
that short fibers are harmful , and it's most important we check 
up on this. 

©. “How dor your doy it? Is there any test or any 


experiment you can do that will...? 
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A. I think the first stage is that a number of 
groups, working completely separately - we have this additional 
French reference that I'm not sure is entirely independent - but 
if a number of groups come up with the same basic observation that 
they are only finding very short fibers of chrysotile in this 
area, then we'll know that the initial fact and observation is 
ecornect, 

Then, of course, we must explore further to prove 
to ourselves whether or not these are actually dangerous fibers. 
If you ask me how to do that, then the only way and one that 
we've failed so far, for the reasonsthat I've mentioned, is to 
get a sample of dust with only short fibers. Once we could 
obtain that sample, then simple experiments of injection and 
inhalation would show whether or not the fibers could be 
dangerous. 

But up to now, no sample produced has had nothing 
below five microns. 

As I indicated, I think we've got about the best 
sample so far, although «still an odd fiber just’ over five microns. 

Otherwise, I can't think of a way of exploring 
this from an experimental point of view. 

Own Because"clearly (this) has®significant amplications 
for how you define a fiber for regulatory purposes and I note in 
one of your articles, in fact the one in the British Journal of 
Cancer at tab ten, you offered the suggestion that perhaps we 
should keep the five micron lower limit for defining a fiber, but 
in addition should take another count of fibers greater than 
twenty microns in length. 

Esvithatiisome thing «that tyou ‘stil subscribe ‘to or 
would propose? 

A. I would, and for the reason that although 
we are not quite sure that this would produce some very useful 


information which may or may not correlate, if the Stanton idea 
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By (cont'dt,)) ofiallong,ithin fibers; realdyuncs 
true, he really said fibers over eight microns. But certainly 
there would be the indication, and many people have said, it's 
the fibers that are too big to phagocytoze, which means certainly 
that fibers over twenty would be expected to be really nasty. 

Then it's a matter of seeing whether or not the 
number of these fibers in a factory dust cloud is what we really 
need to know. 

You see, I think most people would agree that 
the five micron limit for factory dust counting was an arbitrary 
one pulled out of a hat. It seemed logical at the time. 

Now, already from Stanton's information fibers 
five or six microns are below the figure he suggests is anywhere 
near the worst, so that if you had a factory count you might 
have a fantastic number of six-micron fibers, but nothing over 
twenty or nothing over ten. Let's put it that way. 

But your count would be exceedingly high. 

On the other hand, you might have a factory count 
with much lower number over five microns, but most of them might 
be over ten or over twenty. If that were the case, and the 
suggestions I made from Stanton's work were true, then it would 
really be...the count we really want to know are those in the 
dangerous range - the plus-ten, possibly plus-twenty fiber size. 

Now, the only way we can get this sort of 
information is, \ think, to start counting ‘in theyfactory ain this 
way. It would, of course, mean a lot of extra work for the 
counters and obviously wouldn't immediately be fitted in as 
the usual routine. 

But I think people doing factory counts, it 
would be very useful if they could fit in every factory some 
counts...the routine fibers-over-five-microns, and then the 


fibers over twenty, some figure like that. We might well find 
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A. (cont'd.) that this correlates very much 
better with disease. It might give us a much better idea which 
are the dangerous clouds, the dangerous factories. 

This suggestion is simply based, I think, ona 
logical extrapolation from Stanton's fiber dimensions. 

The fact that one would not suggest simply changing 
your figure - instead of counting the five micron ones, count 
the twenty micron ones - is that you would then move away from 
the baseline we know about. 

What you need is to retain your present baseline 
and build some new information on top of it. 

Gr Unt, you Cal usec. 

A. Which unfortunately means double counting, 
at least on some occasions. 

Q. While we are on the subject of factory counts, 
could I just explore with you for a moment the difference, if 
any, between the kind of factory size distributions you get and 
the kind of size distributions that apparently are produced by 
the UICC standard reference sample fiber types? 

Av "We've got some. information on” this. © think 
a simple general statement would be that the UICC reference 
samples, we realize in retrospect, were too-finely ground, so 
that their overall fiber—lLength distribution 1s”a-birt on the 
short side of a lot of factory dust’ samples. 

We know this from a lot of the simple factory 
counting information that we've got, where we have in the 
Institute done differential counts. We have had preliminary 
looks at fiber-length distribution in the counts and certainly 
a lot of them have shown that the average fiber length is away 
above the corresponding UICC. 

Buc it does tend, + I*m sure, to vary in the factory, 


depending on which process you are using. We did undertake one 
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A. (cont'd.) inhalation study with some samples 
collected from the factory environment. We got a sample of 
chrysotile from a factory only using chrysotile, and a sample 
5| of amosite in the corresponding way. 

I think it's true to say that the chrysotile sample 
didn't...it was a relatively short one by factory standards. It 
didn't differ too much from the UICC, although it was slightly 
higher. 

The amosite one was considerably longer than 
thes UICC amosite: 


The results - to some extent they were what we 


10 


would have expected. To some extent they were a little different. 
The longer factory amosite samples certainly 
produced a lot more fibrosis than the UICC amosite. We were 


15 rather surprised to find that even this sample didn't produce 


many tumors. | In, factyhindonit thinkeit) producedtany ,dand iom 
not quite sure of the explanation for this. 

I think your question is really relating to 
factory samples in general, and the general statement would be 
that they would tend to be longer than UICC samples. 

20 OsneOnelof, the things, thateIsthoughtetogothonut 
of reading your articles was that when you are talking about the 


UICC samples, it would appear that percentagewise there were 


more...that the chrysotile fibers tended to be longer than the 
amphibole fibers. 

A.saadnsocurtinhatationrcioud, yes:ugLongermthan 
2 UICC amosite or crocidolite. 

Q. Which then would be consistent with one of 
the propositions you advanced earlier for trying to reconcile 
the apparently divergent results between human studies and 
animal experiments? 


30 A. That is right. We suggested that in the 
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A. KCONtCLG.)) «LO7Supaper. » 1 think I. indicated 
this morning that I still think this is partly true, perhaps 
largely true, but now I think I would like to consider the 

5| additional factor that these fibers...that there were more 
longer fibers to start with, but chrysotile probably has a 
greater potential to break up into even more fibers in this range. 
So we may have the two factors working together there. 

Q. When you started off that subject about 
putting together the animal experiments and human studies, you 

10/ made the statement about the acceptance from the human studies 
point of view that crocidolite appeared to be the most dangerous. 

Can I just understand, you based that judgement 
on its effects in causing mesothelioma? Or do you extend the 
statement to it being relatively more dangerous than the other 

_ fibers in terms of its causing lung cancer as well? 

A. I think the only really important data 
relates to mesothelioma, and here one would pick up the obvious 
groups of people - those studied by Chris Wagner in South Africa 
and the gas mask workers studied by Steven Jones or Corbett 
McDonald over here as well. 

20 Hans Weill, of course, recently has published 
some information, epidemiological studies, where there was a 
suggestion - he had groups of workers in factories, some had 
been exposed only to chrysotile, some had had a little bit of 
crocidolite, and he suggested that the crocidolite-plus- 
chrysotile group had a rather worse record, including tumor 

cis production, than standard chrysotile, pure chrysotile ones. 

iL think jhe’ would admit that although this 

is a logical suggestion, the data was by no means conclusive. 

So that in answer to your question, I would feel that the evidence 

that crocidolite is more nasty to human beings than the others 

really does depend on mesothelioma production rather than, certainly, 


asbestosis, where I would suggest there is no evidence at all 
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A. (cont'd.) available, or bronchial carcinoma 
| where the evidence is, I think, very poor. 
b| Q. Looking at the human evidence, where does 
5! amosite fit Lieinoal in Ore cn ls 2 
a A. That, I think, is a very difficult one. As 


3 you know, there has been a suggestion EECENLLY.. .andeb coank 
qi Britain has followed it...in Suggesting that although amosite 
is not as bad as crocidolite, it could be considered worse than 


“| 16 chrysotile. 


results. Perhaps I'm being biased a bit by animal studies there, 


I'm not too happy with this interpretation of 


= 
— 


but looking at the human evidence pure amosite exposure, I think 
the best-known group of people were Selikoff's group, and he 
rl certainly showed that amosite was a dangerous material. 
a 15 But for myself, I don't think he was able Clearly 
| to demonstrate it was worse than chrysotile with similar 


exposures. I don't think he had that information. 


amosite versus crocidolite, is concerned, I don't think we have 


7 So that as far as amosite versus chrysotile, or 
| really clear human information. We haven't the information that 


a it's highly likely to produce mesotheliomas, though we know it 


can. 
ij Chrysotile can produce mesotheliomas. It seems 

to be crocidolite in humans probably produces them more easily. 
| But I don't think we have really definite evidence 
a5 that amosite should be considered worse than chrysotile. That's 
| just a personal opinion. 

Q. I take it from what you said this morning 
that as far as the animal studies are concerned, amosite, if 
J anything, appears to come out the best? 
A. That would be a true interpretation. If 

il 
i 
Hf 


you look at the inhalation studies that our group and Chris 
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Ay (contrd.)).Wagner 'sigroup,.did, ,.you,will,find 
amosite tends to produce fewer tumors. 

Injected, after injection studies we tend to 
get fewer tumors with amosite, and they take longer to develop. 

As we've said this morning, there may be a 
breakup factor, a rat-lifespan factor, which might eliminate 
chrysotile...but shouldn't eliminate the difference between 
crocidolite and amosite, and if it doesn't, then the figures 
really would suggest that amosite is very, very much better 
than crocidolite in mesothelioma production. 

Q. Is there any speculation or hypothesis as 
to why that might be? 

A. There is one. It's simply that the amosite 
fibers tend to be bigger, certainly than crocidolite. By bigger 
probably meaning they have a larger diameter. 

It's reasonably logical to suggest that the 
proportion, the total number of fibers within Stanton's critical 
thin size dimension may be smaller with amosite, significantly 
smaller than with crocidolite. 

Crocidolite fibers can be about the size of 


chrysotile - very, very thin. And yet such evidence as we have 


on Pi pi >) = = = = = = 
=— — — sd Lo 


is that they are pretty tough and probably don't break up nearly 
as easily as chrysotile. 

Q. Does amosite have that breakup phenomenon at 
ail? 

A. We really haven't got the data. As I indicated 
this morning, this is where we do need to do a lot more studies. 
Undoubtedly amosite can break up to a certain extent, but if you 
are asking a specific question - have we any details of the 
relevant speed of breakup - the answer at the moment is no. 

MR. LASKIN: Dr. Uffen has a question. 

DR. UFFEN: I think it's appropriate here, I'm 


not sure. 
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DR. UFFEN: (cont'd.) All your measurements have 
been done with gravimetric...not all, but the one that a lot of 


them are quoting...at the same time as in industry the membrane 


8 filter method is being used, giving the results in the numbers of 
fibers. 

Is there a possibility that some of the conclusions 
are affected by how you go from nanograms per cubic meters to 
numbers of fibers per cubic meter? 

10 THE WITNESS: I think the answer is that in all 


our studies we have done both. 

DR. UFFEN: You have done both? 

THE WITNESS: Mmm-hmm. Certainly in the paper I 
outlined this morning in some detail, we looked at both the mass 
and the number of fibers. And even in other studies where we are 

15} not doing comparisons but looking at a particular dust, we would 


choose a mass dose because this is relatively easy to control and 


we can make sure the mass remains the same day after day after day. 


We would take rather a fewer number of random 


[-—) 


samples where we would do fiber counts, so that at the end we 


would give, we would say the mass dose was ten milligrams, the 
il a average fiber number was so many per cubic centimeter of air, 
and that would be given in all publications. 
Hl It varies tremendously...-: 
DR. UFFEN: It does vary tremendously? 
| THE WITNESS: The UICC chrysotile figure for a ten- 


25| milligram cloud greater than five microns is about two thousand 
| fibers per ML, whereas the wet dispersed chrysotile we were 
talking about this morning is down to one hundred fibers per ML. 
There is a tremendous variation, but at least 
| we do record it. 
And then we've got the additional factor. Those 
i 30} fiber counts are done in the same way as the factory, with the 


light microscope, because we wanted that sort of comparison. 
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THE WITNESS: (cont'd.) Doing the counts with a 
scanning electron microscope, we can see finer fibers and you get 
a completely different picture...actually much higher. 

Doing the count, if you can possibly spare the time, 
with a transmission electron microscope, by which you can use 
any magnification but which takes an immense amount of time, you 
would get a completely different figure - very, very much higher. 

DR. UFFEN: You tend to give your results in the 
gravimetric method. You seem to do it more often that way. 

THE WITNESS: Well, perhaps we highlight this, but 
Tithink vyouwwaillstind in all the: publicarions .— I hope soi =. thac 
we have mentioned the fiber number as well. 

DR: UFFEN: i'll come back...1t may be in) there, 
PUG ausSted tan. bet ind al i. 

One more related question: When you are dealing 
with animal tissue or animals, is it better to use the gravimetric 
method than fiber counts? 

THE WITNESS: You mean when you are examining 
the amount of dust that you've got into the... 

DR. UFFEN: If you expose a rat to inhalation and 
then you later on cut him up and have a look at his lungs, and so 
on, is it better for you to use the gravimetric measure? 

THE WITNESS: For technical reasons, yes. The 
problem is this: We are not entirely happy that we can get 
dust out of the lung without further breaking up the fibers. 

DR. UFFEN: Okay. 

THE WITNESS: So we don't trust the count we would 
get at the moment, whereas the gravimetric figure won't change. 
At least we've got something we can trust. 

We would like to get the counts, very much indeed, 
and we've still got a lot of work to do to satisfy ourselves we can 


get the dust out without changing its size and shape. 
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DR. UFFEN: That suggests to me that there is, in 
the future we would be very wise in the factory place then, to 
continue to use both measurement methods simultaneously so that in 
the future we would be able to relate the measurements with the 
results of animal experiments. 

THE WITNESS: Can I answer that by saying, is it 
normal practice to do gravimetric estimations very much at the 
moment? I don tathink: wk 

DR. UFFEN: Well, in the Province of Quebec, they 
dosboth. 

THE WITNESS: tIf.don't think. werdo in Britain. 

DRayUFFENse, Not an Britain, andi not*in® the USA, 
but I understand in Quebec they are doing both. 

DR. DUPRE: And Germany is the other jurisdiction 
of which I believe we are conscious that does indeed use a mass 
measurement as a standard. They do not rely only on fiber 
measurements, although they have that. 

THE WITNESSs, Iuthinkesthe «problem there isi,sI 
think it's the same comparison between fiber number...the 
gravimetric figure in the factory is going to be very, very low 
compared to experimentation. But then so is the fiber number. 

I would agree with you if you suggest that it's not 
a bad thing to have double information, but I couldn't agree that 
gravimetric is necessarily going to be as good or better indication 
of the health hazards than fiber counting. 

I am assuming, of course, that by gravimetric 
you mean gravimetric counts of respirable dust only, because 
there is nonrespirable and you get a very different figure indeed, 
but the samplers usually allow for this. 

DR. DUPRE: Could I pursue this in a slightly more 
specific context, Dr. Davis? Again in your tab ten paper at page 
685, in your discussion that appears on that page beginning with 


the statement which reports the finding of your study, that in 
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DRe DUPREts (cont.d.) ,this. study the,effect of 
fiber mass and fiber number on asbestos-related lung disease, it 
was clearly demonstrated that a given airborne mass of UICC 
5| Rhodesian chrysotile produced far more lung fibrosis than the same 
airborne weight of UICC samples of either amosite or crocidolite. 
This indicates, you go on, that a single mass 
standard for all types of asbestos would be inappropriate. 
Now, is what you are signalling to a regulator here 
that if he is going to regulate with reference to a mass standard, 
Ue his mass standards should differentiate by asbestos type? 

THE WITNESS: Yes, basically that is what one would 
be indicating. For the reason we have discussed, that if you fixed 
a constant gravimetric standard this would mean many more fibers 
of chrysotile than crocidolite, and many, many more than amosite. 
15 One microgram, whatever it would be...well, in this 

paper if you take our standard ten milligram sample, which I 

remember the figures...sorry, ten milligrams of UICC chrysotile is 

about two thousand fibers per ML, whereas for the amphiboles you 

are down well below a thousand. I can't remember the exact figures 

offhand, but they are in this publication. We'll simply turn back 
20/ and have a look at them. 

MISS JOLLEY: I think they are in twenty-six, on 
page 454, too. 

THE WITNESS: We are in a different paper there, 
aren't we? This is number ten. I can never find tables in my 
own papers, but there should be... 

i MR. LASKIN: What are we looking for? 

THE WITNESS: Data on the actual number of fibers 
we found in the... 

MR. LASKIN: If you look at page 797 of tab eleven, 
you have a table that shows numbers. 

30 THE WLINRSSsae That. Serigntaw.inelact.. la thank. this 


information is probably included, written in the script of the 
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THE WITNESS: (cont'd.) previous paper. 
1 But you can see that the fiber number for a coalston (ph.) 
mass is very, very different - nearly two thousand for UICC 
=] chrysotile at ten milligrams, well under a thousand for crocidolite 
] and not much over five hundred for amosite. 
7 So that a single mass standard certainly would be 
1 permitting very different levels of fiber number, depending on the 
asbestos type used. 

i| 10 DR. DUPRE:,.Let me see if I can understand the 
consequences of this. Is the fallout of your tab ten statement 
q at page 685 that a mass standard for chrysotile asbestos should 
be a more stringent standard than the mass standard for an amphibole 
or for crocidolite orvamosite? 
| THE WITNESS: If you are saying the same fiber number 
; 15} should be permitted for both, then the mass standard for chrysotile 
] would have to be stricter, yes. Because there are more fibers 
per mass. 
MR. LASKIN: Q. Just to follow that up, does the 
evidence support the view that a mass standard would be helpful 
] or beneficial in assessing health effects? That's what I wasn't 

as sure that I was getting. In other words, does it have any 
- relevance? 
‘| THE WITNESS: My own view is that a mass standard 
is not terribly useful. We highlighted three different .examples, 
| the three UICC examples, because I happen to actually have figures 

25, that could be quoted. But as we've already discussed today, any 
| asbestos that you would like to mention, treated in different 
ways, produced by a different machine, could produce fiber shapes 
1 significantly different. Some clouds might have more long fibers 
than others at exactly the same mass. 
| Now if we accept the evidence that we discussed 
i 
if 


this morning, that the longer fibers are more dangerous, then it 
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THE WITNESS: (cont'd.) is possible that a mass 
standard could be giving quite the wrong impression. Youmight 
easily have a mass containing very, very few long fibers, and 

the same mass containing a large number of long fibers, so 

that to my mind a fiber count gives you much better information 
and we did briefly discuss the idea of whether the standard count 
of five microns and over was still acceptable as the best possible. 
I suggested there might be evidence to say that 

10| it would be very nice at least to have figures indicating the 
number of fibers of a longer range - whether you choose ten or 
twenty, probably as much of a guess as the original five, but 
something significantly over ten. 

Q. Have there been animal experiments or studies 
that have tried to determine whether mass measurements for any 
18) €iber type are dose-related? 

A. The paper, of course, allows that...we were 
discussing that a minute ago...attempting to find this, and we 
really find that the equal mass experiments of chrysotile, 
crocidolite and amosite produced completely different levels 
20 of pathology. So that we did make the statement that to that 
extent, within those limits, mass seemed to be completely 
unimportant. 

DR. DUPRE: Just to make sure I understand, perhaps, 
your page 685 in context, and the context I am specifically 
interested in is the context in which a regulator should read it. 
25 Can I take it that the message you are giving to 
the regulator, the would-be regulator, is that if you are going 
to regulate with reference to a mass standard you should beware 
of a single mass standard and differentiate mass standards by 
asbestos type? 

THE WITNESS: Certainly that, yes. 


DR. DUPRE: But that as a general proposition the 
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DR. DUPRE: (cont'd.) regulator or would-be 
regulator should not necessarily consider a mass standard as a 
useful one in regulation? 
: THE WITNESS: My personal opinion is that the 
information you'll get from mass standards could cover so many 
variables that it is of relatively little use. You raise the 
point you need a different mass standard for different asbestos 


types. Yes, that's a simple answer. 


10 Effectively, you need different mass standards 
for different machines handling exactly the same asbestos type 
because they could produce dust clouds Of ‘Signirtecantly, dir cterent 


fiber numbers...whereas the counting procedure allows for’ this 


immediately so you can see what's happening. 
DR. DUPRE: So that at this point; just to make 

15| sure that my thick skull is being properly penetrated, can I take 

it that one of the most important messages to the regulator 

would be to consider the desirability and feacipiteuy sOre. sin 

he has a fiber standard, a fiber count standard. .0£ providing 

a count of fibers in excess, let us say, of twenty microns in 

addition to the total fiber count of fibers longer than five? 
sey THE WITNESS: This has been my suggestion, and 
I think that evidence has been discussed that it might be very 
dangerous, that it might be the ones twenty or more that are the 
ones you ought to be considering. 

DR. DUPRE: I realize that your own expertise 
95| is not entirely into the measurement area, but from your experience 
do you believe that providing these two counts, the total count 
and the count of fibers longer than say twenty microns, 1s within 
the realm of feasibility and practicability? 
THE WITNESS: You mean from the point of view of 

the work... 
30 DR. DUPRE: Of the counting technology and of the 


skill of optical microscope counting. 
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THE WITNESS: I think as far as ease is concerned, 
ite-is relatively easy..-.especially if you use the types of 
graticules that are in existence at the moment where around the 
counting area you've actually got lengths of fibers etched. 

I think Henry Walton in our Institute developed these graticules 
and we certainly use them. It makes it relatively easy to 

line’ up any fiber of doubtful length. We do it routinely for 
anything over five microns. The counter simply lines up the fiber 
against a measured size on his graticule. 

I'm not sure if the graticule already includes a 
twenty micron figure, but it's very easy to produce it. 

So to produce such a count would be no more difficult 
than counting at five microns. Quite naturally, two counts involve 
twice the work of one count, but as far as ease is concerned there 
shouldn't be any problem at all. 

MR. BLASKIN: Dr. UWEEen? 

DR. UFFEN: I sort of knocked you off course a bit, 
but may I...tell me if I've gone too far in this, but I'm puzzled 
about this two different methods of measurement because one of the 
most important figures, one that seemed very interesting to me, 
was the number twenty-four in here that deals with the effects of 
high exposure for short periods of time compared to mean 
exposure. That was in 1980 and you used gravimetric measurements, 
and it takes an outsider a long time to puzzle his way through and 
translate it into fiber per CC, because this is what the workman 
gets exposed to is a count in fibers per CC. 

THE WITNESS: Well, I think I can see what you 
are saying. I can't remember exactly the wording of this paper 
all the way through. I can imagine that we probably forgot to 
include the fiber number here for the very simple reason that 
we were using UICC chrysotile and amosite. 

DR. UFFEN: And amosite. 
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THE WITNESS: And we had already reported on the 
fiber number and mass, and I may simply have felt that this 
information was already available. 

DR UUPEENs se tothink it's ymentloned inethere, but 
you have to read through it very carefully to find it. 

THESWEITNESS: “Lf we left it: out, I do.apologize 
and I agree that it was an omission. But these being UICC 
samples, they would have had the same fiber number related to mass 
that we already published in 1978. 

DR UBPEN SALI Aright. ..lisort of backed into, that 
particular paper and I suspect you wanted to get into it. 

MRS BEASKIN: sl do, .actuad Ly. . 

Can I may, 1£ I may, ask Dr. Davis Just one’ or two 
more questions about what I was just on, and then I'll come to that 
paper. 

MR. LASKIN: Q. Let me just ask one question which 
I forgot to ask before. I just want to make certain I understand 
that in the difference between crocidolite and chrysotile in the 
human studies, and as I understood it you said there was a 
difference and we've seen it in terms of mesothelioma, there 
doesn't appear to be any evidence of any difference in terms of 
lung cancer, and perhaps asbestosis? 

THE WITNESS: A. That would be my interpretation 
of what has been published so far. You would get other people 
arguing differently on that. 

QO. I guess my real question is going one step 
further. Is there some biological explanation as to why that 
should be so? 

A. The differences between crocidolite, chrysotile? 

Q. Why should we get more mesotheliomas with 
crocidolite then chrysotile, but not more lung cancers? 

A. This may well be a combination of things. When 


you talk about lung cancers on their own, I think it would be 
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A. (cont'd.) accepted that the most important 
work was published by John Knox and Richard Doll. They published 
two papers. The first paper was the one that showed that they 
had a very large excess of lung cancer in.theirn workrorce. This 
was a workforce that had been exposed for many years in very 
bad factory conditions. 

In their second paper they suggested, they looked 
at another group that had only started work after factory. 
conditions improved tremendously, and they suagested in this group 
they had no excess of bronchial carcinomas. 

So what I'm leading up to is that it may be as 
far as bronchial carcinoma is concerned that we are dealing with 
very heavy dust doses, and it may be that in the good, modern 
factory somebody starting work now just will not be at risk from 
bronchial carcinoma at the sort of levels we are talking about. 

At least we've got those two papers that could 
indicate this. 

Now, there have been many suggestions that 
mesotheliomas may result from a sort of tiny, insignificant. dose. 
Whereas I don't accept the extreme of this argument, it may 
well be that a relatively small dose can produce mesotheliomas, 
and we may be in a situation where a lot of our evidence on 
mesotheliomas depends on the fact that chrysotile can break up 
and be removed from the lung much more easily than the resistant 
crocidolite. 

In the low-dose conditions you could well imagine 
the lung getting rid of almost all its chrysotile, getting it 
out of the way before it can potentially produce mesothelioma. 
Whereas still the relatively small amount of crocidolite, enough 
of it remains and stays in the appropriate area to produce the 


tumors. 
In the very heavy conditions, bronchial carcinoma 
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A. (cont'd.) production, it may be that although 
chrysotile broke up there was so much coming in that it wasn't 
able to affect the issue, and that in those conditions you did 
get more serious bronchial carcinoma rates. 

Q. When you say...I just want to explore this a 
little more...when you talk about more modern factory conditions 
and more modern exposures, have you got some figure in mind that 
you are talking about? 

ReaWeLl, of course, the two papers that Twas 
mentioned were products of the Rochdale Factory and their cohort 
of workers. The first paper they didn't know what their dust 
exposure was, but they knew it had been pretty bad. The second 
paper they were certainly hoping that people hadn't been exposed 
too much above the British two fiber per ML standard, but I'm 
not sure if the data are quite good enough to make that assumption. 

Certainly they knew the group that didn't appear 
to show an excess of bronchial carcinomas had had a very, very 
much lower exposure level...but nonetheless a factory exposure 
level, for a long period of time. 

Q. Is there anything in the animal studies that 
might support Knox and Doll on whether more modern conditions will 


or will not produce an excess of lung cancers? 
A. I think so, to the extent that you can show 


in experimental studies - dust administered by inhalation - that 
whether or not you would get an exact dose-response, that to 
some extent there is a dose-response, you get more tumors and 
increased numbers of tumors as the dust dose goes up. 

There really hasn't been enough work done to 
explore the lower-level dose and see at which point there would 
be no excess at all, but we certainly know that to some extent 
there is a dose-response present. 

M. CASGRAIN: An excess of what? I'm sorry. 
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THE WITNESS: Tumors - bronchial carcinomas in 
this case. 

MR. LASKIN: Q. But in terms of your dose-response 
relationships are you able to say from the animal studies whether 
they are linear or whether they go through the zero intercept? 

THE WITNESS: A. As far as inhalation studies are 
concerned, no. We have done some studies of varying dose levels, 
but data really have not been large enough to make the sort of 
statement you would wish. 

We are in the process, in the middle of a very large 
injection study exploring dose-response, with the UICC asbestos 
samples - chrysotile, crocidolite and amosite again. Here we are 
running dose levels from the rather massive twenty-five milligrams 
that tend to produce tumors, down to a hundredth of a milligram. 

This study is not complete, but the evidence so 
faARe. sat) Leasu lor the sechrvsotile. 21s that stne TresuLts are 
embarrassingly linear. I say embarrassing because you don't 
expect really good results out of biological experiments, and so 
far it looks as if we may well have a no-response dose somewhere 
at the bottom. Although the full experiment may change this 
statement. 

At the moment, we are not getting tumors at the 
lower-dose level, but at above something at the moment, I think 
like a milligram, from then up to twenty-five, we've already 
got a lot of tumors and the numbers are exactly linear. 

Now, the full study will be complete in about 
eighteen months. 

That, untortunately,. is injection but fT. think 
biologically it might be useful information. 

Q. The other comment I believe you just made was 
that you were rather skeptical of the observation that mesotheliomas 


can occur at very low doses, and I wonder if you could...if I have 
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, @. conti) pstated sit correctly, or .if Tohaven ct 
done I wonder if you could elaborate on that? 
| A. Yes. I think this concept arose from Chris 
: 5} Wagner's original work, and his original cohort published in 1960 
| included a lot of asbestos workers from the mines in South Africa, 
but it included people, in addition, who had merely lived in the 
| area of the asbestos mines, some of them only for a few years while 
they were children and then moved away. 
J] From that rather general piece of information we 
| bee got the extremes of statement that maybe half a dozen asbestos 


fibers or crocidolite fibers could be enough to produce 


| mesothelioma. In other words, very, very low doses. 
; Now, I think the wrong conclusion was drawn from 
‘T Chris Wagner's statement that some people had only lived in the 
15 mining area, because since then Chris Wagner himself at conferences 
J has produced pictures - not with the specific aim Of illustrating 
this point - but one of the pictures he tends to produce to 
| illustrate the general layout of crocidolite mines shows that in 


the past...not now, but in the past,...they used to surface roads 

with crocidolite waste. He has certainly got one beautiful picture 
20| of a land rover or a jeep being driven along one of these roads, 

trailing a blue cloud of dust for a hundred yards behind it. 

Now, some of the roads in residential areas were 
surfaced with this material. It was good, readily-available 
material. Vehicles driving along those roads, I'm sure, produced 

5a dust clouds probably as high as anybody in the mines were getting, 
maybe as high as anybody in factories were getting. 
So I think perhaps we have exaggerated or used 
this data to exaggerate the idea of really miniscule doses. 
The other piece of evidence that tends to be 
produced has been the few authenticated cases of women who, 
30| though never exposed industrially to asbestos or crocidolite 


very often in these cases, but whose husbands were workers, 
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A. (cont'd.) asbestos workers, and all the wife 
did was to brush her husband's overalls at night when he came 
home. Well, recently I know some experiments have been done on 
this and it has been shown that exposing overalls to asbestos 
clouds of the sort that might have occurred a few years ago, for 
some days, and then brushing them in open and closed rooms, I 
think the figure is people have got clouds of over two hundred 
fibers per ML. 

So that these women were getting what we would now 
call incredibly high exposures. 

These are just isolated examples and instances, and 
obviously in all cases we do not have the data. But at least there 
is some data that the normal asbestos worker cases of mesotheliomas, 
some cases certainly have pretty high exposures. 

So there is really nothing, I would say, to 
contradict the idea that you need pretty moderate doses of 
asbestos to get mesothelioma. 

DR. DUPRE: Dr. Davis, do you have a citation for 
the experiment of brushing an overall that was exposed to a very 
high level of asbestos, and measuring the dust cloud that you got? 

THE WITNESS: I thought you were going to ask me 
that, and the simple answer is no, I can't remember exactly who 
did it. I can find this for you and post you the answer, certainly. 

The experiment certainly has been done. I'm not 
quite certain it has been published. But I can certainly tell 
you who to contact. I'll see to that as soon as I get back. 

DR. DUPRE: As for the Wagner tale about the 
crocid lite wastes paving roads and the possible production of 
dust clouds by passing vehicles, is this basically just anecdotal 
at meetings or has Dr. Wagner ever said anything about this 
in writing? 

THE WITNESS: I don't think he has covered this 
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THE WLINE Soin (cont'd.) particular topic in, writing, 
and as I say, he didn't show the photographs to illustrate this 
point, but I discussed it with him, having seen the photographs, 
and he has agreed that certainly in these areas there is every 
reason to believe that localized conditions could have been bad. 
One of his examples of nonexposed cases, of course, 
were the children in these areas. He admits that some of them 
played in the waste asbestos dumps. 

Now, as I've said, crocidolite is by far the most 

1g dusty material. There is enough crocidolite left in the waste to 
make it blue, that is certain, even though there is not enough to 
be used industrially. 

You can well imagine the children running around 
in a hot, dry climate, tumbling over in piles of this dusty 

15 material. I think their exposure would have been what we would 

call relatively high. 

MR. LASKIN: Q. Do you get any kinds of dose-response 
relationships in your animal studies, with respect to mesotheliomas? 
THE WITNESS: A. In what way? Now, injection 

studies we have just mentioned, and I'm saying we are certainly 

20; getting a very good dose-response. 

Q. That's mesothelioma as opposed to bronchial 
carcinomas? 

A. That's mesothelioma. 

Injection studies, of course, don't explore 
bronchial production. 

a In inhalation studies I think...I'm going to use 
the word unfortunately, which is perhaps incorrect...but you get 
so relatively few mesotheliomas that nobody has been able to 
demonstrate dose-response. But there is a dose-response involved 
with carcinoma production. You are getting five, ten times more 
bronchial carcinomas, so that the numbers mean something. 


QO. Could I just ask you briefly about one other 
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oO. (Contvd.) fiber type; mand: it's not “one that 
often gets talked about, which is tremolite. The reason I ask 
you about it is that we've had some studies presented to us this 
summer which indicate, for example, in respect of Quebec workers 
who have subsequently been autopsied, a lot of tremolite in their 
lungs and, for example, not an awful lot of chrysotile. 

I'm wondering whether your group has done any work 
with tremolite or whether there is some association between 
chrysotile and tremolite that you are aware of. 

A. We have just completed an inhalation study 
with pure tremolite. We had a little bit of experience with 
this...or I did in the past...when I was doing some work with 
Paul Gross, over ten years ago now, when he was extracting dust 
from lungs and I was doing some eledron microscopy on the dust 
samples for him. 

Most of the dust samples were from people with 
normal urban exposure because that's what we were interested in 
particularly, but he had a group of about a dozen asbestos 
workers and I produced counts for him...I forget in which paper... 


but it will be seen that the percentage of fibers that appeared 


to be chrysotile was very small. I think it was about ten percent. 


He was astonished at these figures, and he said 
as far as we can tell these people have only been exposed to 
chrysotile, and yet there were a lot of very obvious amphibole 
fibers in their lungs and we subsequently had the fibers looked 
at and many of them, at least, were tremolite. 

Now, from this I know people have suggested that 
chrysotile samples can be contaminated with tremolite. If this 
is true and if what we have already said today might indicate 
that chrysotile breaks up and is removed particularly easily, 
tremolite being left behind, it might constitute a hazard in 


ves own right. 
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- 97 - Davis, in-ch 
A. (cont'd.) Now, the studies we have undertaken 
with pure tremolite, which was a sample we got from Korea, we've 
completed the study, I haven't analyzed all the data and it's 
5! certainly not written up yet, but two facts emerge. One is that 
we use a standard ten-milligram cloud...there were a lot of fibers, 
I forget the exact figure, but let's say between fifteen hundred 
and two thousand per ML, so that it's around the chrysotile number 
range...looking at the lungs there was far more visibile asbestos 
+ in these rat lungs than I've ever seen before. That's a simple 
statement, but it's an obvious one. 
We haven't yet got the gravimetric estimations 
of what this means in terms of weight, but certainly we have a 
large number of tumors. I think it will be more than chrysotile 
but I'm not sure of this because you can only be sure of it when 
15| you complete the serially sectioned lungs, and this hasn't been 
completed yet. But certainly our experiment began to show that 


tremolite is very nasty to rats, and may be more nasty than 


chrysotile and that will mean more nasty than any other asbestos 


type. 
So if chrysotile is seriously contaminated with 
Zo tremolite, and if the chrysotile is easily removed from human 
lungs and the tremolite remains, this may well be a factor that 
ought to be considered very carefully. 

Q. Can I just change topics for a moment and 
ask you whether your own work has shed any light on the ability 
25 of asbestos to produce tumors other than lung cancer and 

mesothelioma? 

A. In the positive sense, the answer is a simple 
one - no. I don't know if you are leading up to perhaps I think 
a reason the important negative finding that we, in conjunction 
with quite a number of groups throughout the world, have 


30} explored this idea that ingested asbestos might be carcinogenic. 


‘ P F 
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A. (cont'd.) We undertook a study in rats. 
A short-term study has been published, a long-term study is being 
completed and the results are being published in Environmental 
Research, almost any issue now. 

The simple result is that in our hands that our 
rats can eat vast amounts of asbestos, for their full lifespan, 
and we find no gastrointestinal tumors. 

I think other studies that have already been 


published have come to substantially similar results, and I'm 


‘certainly waiting - I'm sure everybody in the field is waiting - 


for the results of the very large United States study that has 
been undertaken: Youll’ know of this’ one, presumably. 
Q. I'm not certain we do. 

A. The United States... 

DR. DUPRE: Is that the Stanford Research Institute 
study? 

THEOWIUNR OS... Le Chink that, is errant, -buc © do 
tend to mix up the American organizations. I think you are right. 

MR. LASKIN: Q. Is this the drinking water study? 

THE IWLINESOos, -A. That 12S Liont.. The: dust 2s 
being administered by drinking water to very large numbers of rats, 
and I think another species - is it hamsters that are being used? 
I think it's hamsters. 

The numbers involved are very much bigger than we 
or anybody else has used, and so the results are going to be very 
important indeed. 

I have heard a few grapevine whispers that they 
are going to find nothing, but, nothing yet has- appeared in print. 

QO. Yetst gather that... at) least 10 would appear 
from the literature...that there are some studies, human cohort 
studies, which appear to show an excess of gastrointestinal cancers, 


and I wonder whether in light of your own findings whether there 
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Q. (cont'd.) is some other biological explanation 
as to why you might have those findings? 

A. As far as gastrointestinal cancer is concerned, 

I think the answer is a simple no. But I remember when Irving 
Selikoff produced the original suggestion that he has an excess of 
gastrointestinal cancer, a small excess, in a cohort of workers, 

I think he produced this at the New York meeting in 1964, and 

I remember asking the question at the time, a very obvious question, 
had he any evidence of an excess of any other type of tumor. 

He claimed he hadn't. 


10 


There I think the matter has rested, but I was very 
interested to hear in Cairo this summer a paper presented by a man 
called ‘Goldsteitnam,I tdon it: know tifrthis ‘is:kfair Ath is ifell how 
epidemiologist is probably hopping mad, but he has really 

15| re-analyzed everybody else's data that has been published on the 
subject of tumor production, cohorts, in human beings. 

He was certainly making the statement at this 
conference - two statements - one: taken overall there was 

no evidence of any increase in gastrointestinal cancer, but two: 
there was some evidence of an increase in cancer per se, of no 
20 particular type, but an increase in overall tumor numbers, of 
nonmesothelioma tumors. 

Now whether that paper really stands up to critical 
epidemiological examination, I'm not competent to answer. I 

don't know. 

25 But he was certainly making that statement this 
summer. 

DR. DUPRE: How does this author spell his name, 
Dr. Davis? 

THE WIENESS cheWethionk it is4G.0) yi ISMTARALIN, 
but the paper will be coming out of the Cairo Conference Report 
when that is available. 
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THE WITNESS: (contd.) Now, if he is right on this, 
this might tie in with the sort of data that we and others have 
been able to produce experimentally. 

I know there is some disagreement on this, but 
we looked at the gastrointestinal tissue and the other tissues 
of animals that had ingested asbestos for their full lifespan, 
and quite frankly we couldn't find any asbestos. 

One or two papers have claimed that you can find 
small amounts of asbestos, and the reason for the difference I 
Simply can't answer. 

If that were the only piece of information I might 
be prepared to admit that our techniques weren't too good and we 
couldn't find them, but in addition to looking at animals treated 
by ingestion, we have looked at the same battery of tissues from 
animals treated by inhalation and we can find what I would call 
plenty of asbestos scattered around the body, all around the body, 
after inhalation. 

Now, this could be the reason for some increase at 
least in overall cancer incidence in asbestos workers. If you 
get fibers scattered, enough fibers, well the doses wouldn't be 
very high, but inalarge population this could explain that type 
of result and may even explain Selikoff's original study because 
we have found fibers in basically gut organs from animals treated 
by inhalation, where we can't find them by ingestion. Maybe the 
fiber wandering around the body can reach the stomach or the 
intestines by the back route and not by the front route. 

Q. Is there some biological support for the 
ability of asbestos fibers to move around the body? I mean, are 
there passageway for it to get around the body? 

A. Indeed there is the system of lymphatic 
channels throughout the body, and this system really duplicates 
the blood vascular system as a method of recollecting fluid 


that has leaked out of the blood vessels during its normal process 
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A. (cont'd.) of feeding the tissues. Some of it 
goes straight back into the blood vessels, but other of it has 
to be collected in a separate system of tubules. We do know that 
cells containing dust can move along these channels and can be 
found in the cellular aggregations called lymph nodes that you 
happen to find at various points along the channels. 
These nodes will collect dustsand you can find 
them very easily. For example, in our injection studies we 
10| routinely put dust into the peritoneal cavity, the abdominal, 
the belly cavity, and the lung has, of course, a lot of lymphatic 
tissue around it. After injection, we find plenty of dust in the 
lymph nodes attached to the lung, so that transport along the 
lymphatics is relatively easy, and certainly possible. 
Q. In your inhalation studies using crocidolite, 
18) have you found peritoneal as opposed to pleural mesotheliomas? 

A. We find so few mesotheliomas. I think it's 
true that we found one peritoneal mesothelioma following 
crocidolite inhalation. “That"s the only one I remember. 

We used the peritoneal route for our standard 
20 injection studies because it's easier and you can spot the animals 

with tumors much earlier, which is better for you and better for 
them. 

MR. LASKIN: I probably have just a few more 
questions and maybe we could take a short break again, Dr. Davis, 
a short break and I'll just review my notes. If you are content. 

25 DR. DUPRE: Do you wish to take that break now? 
MR. LASKIN: ~ Sure. 
DR. DUPRE: We'll break then, for ten minutes. 


THE INQUIRY RECESSED 


30 THE INQUIRY RESUMED 
DR. DUPRE: Are you ready, Dr. Davis? 
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MR. LASKIN: Are you all set? 

DR. DUPRE: Counsel, will you please proceed? 

MR. LASKIN: Q. Perhaps I can turn, Dr. Davis, to 

: your article at™tab twenty-four, which Dr. Uffen referred to earlier, 

and let me tell you one of the problems that we've had from some 
of the evidence we've heard this summer, and it relates to the 
concern as to whether there is any different affect from 
intermittent high doses as opposed to a more even, long-term 


a0 exposure to asbestos. 
Some of our expert witnesses this summer have 
indicated that the elevated risk that one sees in some studies 
pertaining to maintenance workers or insulation workers may be 
explained by the fact that those workers in particular have 
received high doses, albeit intermittently, and at least as I 
15} read your article at tab twenty-four, at least in the animal 
studies you don't appear to find any difference. 
THE WITNESS: A. That is a straightforward statement 
from the data we published. Perhaps I could take thatiwa Tittle 


further and explain the sort of dilemma we were faced with. 


Oe #cowld syou? 

oo A. We obviously wanted to explore this very 
question that you've posed, the importance of very short, peak 
dosage. If you consider the sort of peaks you are dealing with, 
you've probably got something like a difference of a hundredfold. 
If you imagine your normal factory background, one or two fibers, 

95; your peaks can easily go up...with the amphiboles certainly... 

easily go up to a hundred fibers without any trouble. 

When we consider this situation, we really felt 

that we couldn't cope with a hundredfold differential in the 

experimental system. The reason is that we felt we had to 

have a baseline where some sort of change was occurring, to compare 


30} the peak with. If we had used a realistic baseline, one or two 
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A. (cont'd.) fibers per ML, we are pretty certain 
for the short-lived species like the rat there would be nothing 
to see at all. 

We could easily work at the top peak of a hundred 
fibers per ML. 

On the other hand, if you raised the baseline to 
the level at which you would get some results in the rats, your 
hundredfold peak would then become impossible on the upper limit, 
10| YOu just couldn't get a dust cloud to that density. 

So the really realistic peak differential we 

felt was impossible in the experimental situation, and therefore 
we examined the effects of the sort of peak differential that 

we could achieve. 

Now, these of course were not very big differences. 
15| We had, in fact, merely a fivefold difference in dust between the 
baseline and the peak, which would have meant, if you are 
extrapolating to factory levels, if your baseline is one fiber 
your peak would have been five fibers. In factory terms, you 
would scarcely have called that a peak at all. 

But excepting that, we felt at least it was worth 
a doing the study, and as you will see from the presentation we 

used both chrysotile and amosite. We actually worked to different 
levels so that we could have a baseline we could work with, and 

we felt that we had to use the two milligram experimental baseline 
with chrysotile because that meant the peak would be ten 

25| milligrams and we knew we could cope with a ten-milligram dose. 
If we had used ten milligrams as a haseline, as 
we did with the amosite, our peak would have been fifty milligrams. 
As I mentioned earliertoday, you just cannot get a chrysotile 
cloud up "to fifty ‘milligrams. 

Maybe we made the wrong decision, but we decided we 


would work at these higher levels with the amphiboles, partly 
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A. (cont'd.) because it was quite possible to use 
the higher levels of amosite, and we thought it might be 
interesting to see what happened at those high levels. But maybe 
we should have stuck to the lower ones for both of them. 

You'll see from the results we obtained that 
we make the simple statement that we found no difference following 
peak dosage. 

Now, this really means that there is no statistically 
significant difference. If you look at our figures I think you will 
find that the fibrosis...there was a little more fibrosis with 
both the peaks...but my statistician friends assure me that within 
the limits of the experiment, that's not meaningful and basically 
they were getting the same results. 

Again, with tumor production, even without 
benefit of statistics, I think chrysotile we got two malignant 
tumors with the base dosing and two with the peak. You couldn't 
get it closer than that. 

Amosite, we did actually get a couple of tumors 
with the peak dosing, and none with the baseline dosing. 

Again, my statistician friends say that is not 
an important observation. You need much more differentiation 
than thats 

So a simple statement remains that there is no 
statistically detectible difference, but I would point out the 
limitations of the study on peaks. We did not get the peak 
differential that theoretically would have been most interesting. 

Q. One of the explanations that was offered by 
some of the witnesses we heard for this apparent effect, was that 
at peak exposures - short, sharp bursts - the lung clearance 
mechanism may be overwhelmed and may not be able to operate in 
the way that it apparently does under normal circumstances or 
under less severe exposures. I wonder, getting away from this 


particular experiment, whether any of your other animal studies 
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Ouw(contzdas) | tell ussanything about that? 

A. We have published one study on short-term 
inhalation and dust clearance, and perhaps there is information 

5| of some importance there in that we undertook studies at different 

dose levels...I seem to remember the dose levels were one, five 
and ten milligrams...and I think it's fair to summarize the results 
we obtained as saying naturally with the higher dosage you got 
greater deposition, but scarcely more in proportion from the dose. 


Then after that, the clearance seemed to be a 


a constant proportion of whatever had got in, so that within those 
very limited parameters we had no evidence of an overload. But 
longer term I don’t think we've got any information. 

Q. One way or the other? 
Ke “One way or the other. 
15 You see again you are dealing with statistics. 


You will notice in our peak paper that the dust figures we give 
on page 278 would indicate...well, the chrysotile figures, both 
baseline and peak, were exceedingly close. With the amosite you 
might say, well, the difference between nine thousand, one 
hundred and eleven thousand, two hundred indicates greater 

20} retention with the peak dosing. Statisticians again say within 
the limits of experimental error there is no difference there - 
Certainly not a very big difference. 

DR. UFFEN: Have you finished with that paper? 

MR. LASKIN:. ,You, gos ahead, Dr. Utfen.. 

- DR. UFFEN: Could I ask a question about that? 

MR. LASKIN: Sure. 

DR. UFFEN: Would it be right or wrong of us to 
draw this conclusion though, from your animal experiments in 
the particular paper we've talked about, any conclusions about 
the accummulation of fibers? Would it be safe for us to say 

30| that it amounts to the same thing for fibrosis whether you get 


a short dose, small dose for a longer period of time or a 


: 


AG 87 (6/76) 7540-1171 


rit ind oie a0 ae eno abo aiver: | vies 


ie lar 


| _noliamotak mh erst aged tag) bas. vepastsnto : 
dns wettib pa; do dhire Roos tober: ow tote ab exe : 
“evi? .an0 araw alan at: peek ‘el sedans) © | 
ed Tiedt oi + ex in ches ‘ba EHS aoe antes ih yon 


Joo YOY, NERAGH sonia on? athe ih Leintan, pase 1 i. 
waroh erty mont ok: ogo’ @ mi aeiom vieniape. did mor | 
| By / od Danas : ss shales Io Bas. oath, te7ks ne 
( eeqkt mito lw reds ee oad 20°? Fist ‘ovat malw to: f°) ‘ 
rod SOLIS VO 4 ty eonebives:. on: acl) aw raed om 
 Mottometad vase Jog ov' sw and Aya! ob 3 
aif . BA eRe Dw ‘ond ID yaw 
etite: siteto AW ST: 
oe je folw oniflseed pris Boyt nines B8- 
Ww sezcpct Jed erty TGS 194596 Gq) BO mi 
mt yerwwold slLigoreyiay ena ‘few... vets a 
vy eo taonms en2 Aare ,pseolo Vee ee | PRON a He 
briaevots sata somedgel snared tbe ‘ome! ie 4 
¥o we sates thnl , Sexhnes ows shrtsarody & cnt : 
i & (iapa RANI FAIS, racdeot) bene set 3 Asie’ 


rons acgenaRS bh on, ad overs ‘3OxIs Sathe 
: ie anges Ab 
Gawesa! hele ete botedazy partie 
| EIN, Deere mag vox | 
Taeds Pade we taigaie. a Meas 7 basen, 
a | Aw Sey, jee 
tf ws sis ae Es Sa TORY, adh a <a 
: i) eee ‘ee witingetd eHK® Lp ti Fie Saerg, Hai0" of ’ 
7 Reedy sipbeatoan, 'y sie wt ig 
aM ae | * iol od aw. wot: zr) he | iedlbshk oe vi 
‘a besa eee si a 
a Ea ane RO a 


lle 


- 106 - DAVUS , liaHCu 
DR. UFFEN: (cont'd.) high dose for a short period 
of time? Because if you can make that conclusion, it's suggested 
a precautionary move is to take the person away from exposure when 
they've had the allowable limit. Is that a fair conclusion? 
THE WITNESS: Within the limits of the experiments 
that we undertook, that would be a fair conclusion. But I think 
I indicated that I wasn't happy that we got enough difference 
between our baseline and our peak to necessarily get results 
10} that are meaningful in the factory situation. 
We rather hoped when we started this study that 
we might get some obvious indication. If we got definite increase 
at a fivefold peak, then quite obviously ahundredfold peak would 
have been a really dangerous thing. 
So our data must be limited to exactly the 
18] qifferentials we looked at, and it would appear that within 


those limits there was no excessive buildup when the peak was used. 


DR. UFFEN: There is another problem that we have 
faced several times, and that is in the implementation of standards. 
We might have a perfectly sound standard, whatever it is, I'll 
As use for the moment a two fiber per CC, and you monitor it in the 

workplace and all the records show that that is what has been 
happening. But some bloke who is working in a specific area 
regularly gets a fifteen minute blast which is well over that. 

You might draw the conclusion here that- over 
twenty years of working he is getting exposed to the similar 

25} conditions that the men used to get exposed to years and years ago. 

This has all kinds of implications for compensation and things 
like that, whether the measurement has been made in the right 
place and for the right time. 

THE WITNESS: Well, certainly you raise a most 
important point. As far as you were still referring to the 


individual getting a short peak burst is concerned, if the data 
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THE WITNESS: (cont'd.) we produced really does 
apply closely to humans at much higher peak differentials, then 
I think the assumption would be that certainly you need counts 
for the peak that this man is being exposed to. But if you found 
that peak of fifteen minutes was ten times more than the normal 
factory level, over the day what could this mean, that he had 
received perhaps twice the limit? I'm not very good at mental 
arithmetic. And I think the conclusions you would draw from 
that would be valid. In other words, he has twice the limit for 
one day, which probably has to be considered quite insignificant. 

That would be the logic of our results, but again 
we really are talking about very... . 

DR. UFFEN: That was an interesting comment. Twice 
the limit for one day would be insignificant. 

I think most people assume that you mustn't exceed 
the limit at any time, so that anything over the limit is 
Significant. 

THE WITNESS: To me, I always feel that our limits 
are designed on the principle of what is a safe overall average 
dose. Now, that leaves the question of the peak. We have been 
talking for the last few minutes of such evidence as we have 
could be taken as indicating that peaks are not more important 
than you could imagine simply by adding in the extra dust. 

Tf that 1s true, then. twice the Jlamit: for one 
day is equivalent to working one extra day to the end of your 
lifespan, probably, which wouldn't be likely to be very significant. 

But this is an area where certainly we've got 
inadequate information regarding humans. You raised a very, very 
important point which, I-m sure 1s well understood, that we tend 
to make factory counts at particular points and what you really 
want to know is what is the dust count six inches in front of 
the operative's nose. That can be different...as you know only 


too well...for each operative. 
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THE WITNESS: (cont'd.) So that the real answers 
to individual danger are only going to come from personal sampling, 
which makes a tremendously increased counting burden on the people 
involved. 

That, of course, is the theoretic reliability. 
Your factory background simply gives you an indication of 
probably what your overall count is likely to produce. 

MR. LASKIN: Q. I just have one or two other 
questions, and one I forgot to ask you before relates to, I 


suppose, generally asbestos carcinogenesis, and we again had one 


‘or two witnesses this summer who talked to us about initiators 


and promoters, and I'm not entirely certain I understood the 
difference and as to whether it did have any significance in 
relation to asbestos and its ability to cause tumors. I wonder 
if you have any observations? 

THE WITNESS: A. I don't think we've got any 
definite information on this point from experimental studies. 
People involved in carcinogenesis like to suggest the difference 
in this process, the initiator is chemical or a substance, a 
physical phenomenon, that starts off with a normal cell and really 
pushes it all the way through to tumor production, whereas they 
distinguish promoter as being something that takes a slightly- 
damaged cell that something else has pushed a little way towards 
tumor production and finally kicks it over the edge. 

Now, of course, the question has been asked with 
asbestos - which way does it operate? Personally, I know of no 
information that would indicate whether it's one or the other. 

Certainly we know that asbestos, with nothing 
else that we can determine, will produce tumors. But you could 
argue that there are half-transformed cells in all old animals 
that don't need anything other than the aging process to produce, 


and add asbestos to these and they will develop into tumors in 
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A. (cont'd.) a significant number of cases. 
But I don't think we've got definite evidence on 
that. 
Q. I suppose the subject that was raised before 
in connection with the effects of smoking, is it possible to design 
animal studies that put in the factor of the effect of tobacco or 


the effect of smoking? 


Mae Le isepossible, but in practice it is 
1o| exceedingly difficult and complex for the following reasons: 
We thought about it and we wanted to do it. Now we undertake 
our inhalation studies, but the rats live for a whole year 
inside the inhalation chambers, which are large structures about 
one and a half meters in diameter, one half meter cubed. 

Now, we add asbestos to the air as it passes through. 
15} We could easily add tobacco smoke and it would combine with the 
asbestos. The only problem is, a constant stream of tobacco 
smoke of the sort of concentration we would need would actually 
contain a lethal amount of carbon monoxide gas and probably kill 
the rats before the end of the first day. 

Now, the obvious question is, why don't human 
a4 beings succumb quite so quickly? The answer, of course, is that 
between puffs of cigarette smoke, which do contain high levels 
of carbon monoxide, you take in several breaths of good, clean air 
which keeps you going. 
But we could overcome this in experimental 
25} animals. It has been done, of course, by people who are 
exploring the cigarette smoke effects. What you have to do is 
to redesign your inhalation system and have rats breathing, 
rats exposed only with their noses. This means you have a central 
tube in which you have your cigarette smoke or indeed your 
asbestos-dust/air mixture, and around this tube you have a series 


of little chambers in which you put your rats headfirst, or only 
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A. (cont'd.) their nose protrudes into the 
danger area. 

Now, because you are dealing with such a small 
volume of air, it's possible to control what happens to it and 
by a complex series of dials and pumps you can supply the animals 
with a couple of minutes of air containing cigarette smoke, and 
then the appropriate number of minutes of good, clean air, and 
SO On and so forene 

10 It, really <is,san incredibly complex and ineredibily 
expensive system to operate, and for this reason we have not 
used it to explore the synergistic effects of asbestos and 
Cigarette smoke, and to my knowledge nobody else has either. 

Q. I just have one last question and it relates 
to your literature review article which is at tab thirteen, and 

15) it's one of the final points you make, which is on page 19, and 
I'll just...I can read you the sentence. 

You say, having looked at all the animal 
evidence and looked at your in vitro studies, and having looked 
at the epidemiological evidence, you say, "From the point of 

ss view of protection of the workforce, reliable 
epidemiological evidence must take priority over 
that obtained from animal experiments". 
I wonder when you made that statement whether you had in mind 
any epidemiological evidence which you would consider reliable? 
A. No, I think that was more a philosophical 
25| statement than anything else. One is being forced to admit that 
there were differences, apparent differences, between information 
obtained from human and experimental animals. 

Now, the point was this: If the epidemiological 
evidence, which is dealing with human beings, the species we are 
interested in, really is good and reliable and gives you one 


message, that has got to be the right message. If the animal 
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Ape (Contd. )\yeresults differ for any ‘reason at all, 
then no doubt there is a good biological reason, but the ones you 
are interested in are the human ones. 

The real ‘point’ is; ofcourse, is “the epidemiological 
evidence reliable. There, of course, one has to take any 
particular study you are talking about, analyze it carefully 
rm *detarl. 

That statement was meant more as a philosophical 
caveat than anything else, and I think we would accept that while 
we've got a lot of human asbestos epidemiological evidence, some 
of it is none too reliable. 

Q. Can I ask you, have you yourself looked at the 
epidemiological evidence in sufficient degree to be able to give 
us your own assessment as to which, if any, of the studies you 
would consider to be reliable? 

A. The simple answer is that not being an 
epidemiologist I've kept out of most of the arguments. I know 
from the outside you can never get two epidemiologists to agree 
onthe value of "a ‘paper > *F*would “try'-and “keep out “of "this very 
difficult argument myself. 

I know the results as they've been published. 

It's easy to talk of the general conclusions that the authors 
have made. As to their reliability, this is a matter for 
other epidemiologists. 

I think the best example, as you all know, is 
the arguments that have gone on between Professor McDonald and 
other epidemiologists, and he is one of the best epidemiologists 
in the world. But people still disagree with his papers. 

MR. LASKIN: Fair enough. 

Dr. Davis, thank you for being so patient with me. 

Did you have a question? 

DR. DUPRE?’* ITf°P might,’ counsel; “just “in the-."Same 
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DR: DUPRE Se (contd) | context, as. 1l.iooked at 
page nineteen, I bear in mind that there has been some work that, 
from what you were telling us this morning, you have yourself been 
involved in, in which, of course, human lung tissue was analyzed. 
Insofareas your findings, there, as I recall, that 
of your colleagues, the effect that chrysotile fibers tend to 
disappear, that is, of course, not epidemiological but human 
evidence that could lead to the same conclusion as the very 
190} Paragraph that Mr. Laskin was pointing out to you, could it not, 
namely the possibility that there crocidolite is...or if not 
crocidolite, chrysotile is somewhat less hazardous than the 
Other forms? 
THE WITNESS: That is a possible conclusion. The 


15} today, tend to find much less chrysotile in human lungs, compared 
to amphibole, than you would expect. 

That fits in with the idea that chrysotile may be 
removed before it can cause trouble, but it's not conclusive 
proof. It could have caused the trouble and then been removed. 
But at least we have that piece of evidence that you find less 

ad than you would expect to be there, so that it does appear to be 
removed faster than the amphiboles. : 

DR. DUPRE: And that piece of evidence, for what 
it's worth, if it's put up against the results of your animal 
experiments, would account for, I guess, at least as much as some 

25| of these epidemiological studies that epidemiologists can't agree 
on? Is this the quality of the lung-tissue evidence? 

THE WITNESS: Certainly I think the lung tissue 
evidence, which is making really quite simple statments within 
the bounds of those limited simple statements, is very reliable. 
I say that because simply there are a large number of studies 


now saying the same thing. One wouldn't put tremendous value 


‘I evidence from quite a number of studies now, as we've said before 
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THE WITNESS: (cont'd.) on any one of them. But 
there are certainly several publications saying the same thing - 


there is very little chrysotile in these human lungs and yet all 


, . i | 


5} our exposure evidence leads us to believe that they should have 
had the majority of their dust as chrysotile. 

But I think that is a pretty reliable statement, 
but it is different from saying whether or not chrysotile is 
dangerous or not. 

10 DR. jDUPREsa;2 appreciatenthat, rDr? tDavist 

MR. LASKIN: Dr. Davis, thank you for being so patient 
with me. I turn you over to my friends. 

DRO sDUPRE ie TDOpLehnavesa’ batting }ordenscorayour 
friends? 

M. CASGRAIN: I defer to my learned friend. 

15 DR. DUPRE: Is it Mr. McNamee who is the lead off 
batter? 

MR. MCNAMEE: I thought I would ask one final, 
very penetrating question, but I think John has already covered 
the subject. 

But I would like to thank you very much, doctor, 

oe for clearing the macrophage problem. I have talked with some of 
the other gentlemen beside me and we are very impressed with your 
lucid explanation of it and I think we are all quite pleased to 
understand finally what that involves. Thank you. 

DR. DUPRE: Miss Jolley? 

25 MISS JOLLEY: I just have two questions, Dr. Davis. 


CROSS-EXAMINATION BY MISS JOLLEY 


Q. The first one is, you have been emphasizing 
all afternoon the length of the fiber and the possibility of 
measuring fibers over twenty microns in length. It was my 

39| understanding that, before today, that perhaps the diameter was as 


important, if not perhaps more important, and I'm wondering why 
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Q. (cont'd.) you are emphasizing the twenty microns 
in length and why don't we also measure the diameter? 

A. You are making a perfectly valid point. It's 
simply a matter that in talking about this it was something new 
in additional work for people and perhaps one didn't go into it 
in enough detail. 

You are quite right. There wouldn't be much point 
in measuring twenty micron fibers if they were good, big thick ones, 
because Stanton's work would indicate they weren't important. 

So we do need a length and diameter distinction 
builtin to the present system. If you are going to do an extra 
twenty-micron count, I don't know what you would choose as your 
diameter but you should choose something around the practical 
limits that fit in with Stanton's work. 

Q. Iwas just wondering whether you were 
overemphasizing length as opposed to diameter? 

A. I think the point is that we have got evidence 
that fibers, reasonable evidence, that fibers have got to be over 
a certain length. Evidence is that they have got to be relatively 
thin, but within that relative diameter I think we've got a Weve 
more variation. We don't understand the full importance of this 
at the moment. 

DR. DUPRE: Miss Jolley, if you would just permit 
me to interject right, at this point... 

MISS GOLLEYs" Yes: 

DR. DUPRE: Can I now ask you again, in terms of 
the message-to-the-regulator type of question that I've been 
asking, if with respect to length the message to the regulator 
would be to consider the advisability of measuring the fibers 
longer than twenty microns, is there a guideline as to the 
diameter of those fibers? Are we talking about longer than 
twenty microns but with a diameter not greater than a certain 


length? 
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THE WITNESS: This, of course, was the previous 
question. Part of the answer is theoretical and part of it is 
practical. 

Yes, indeed, we should be talking about a specific 
diameter. Exactly what...if you take Stanton's work you might 
think in terms of anything - because he talks about one point five 
microns - let's say less than two microns. The point is that two 
microns of thickness, you are getting down so near the limit of 
resolution of the light microscope that maybe for practical 
purposes you ought to be thinking of say twenty and less than 
three. Purely for practical reasons one would like it less,but 
it just may not be possible with any reliability of the light 
microscope. 

DR. DUPRE: A seven-to-one aspect ratio? 

THE WITNESS: Some of my dust-counting friends 
might say, oh, yes, we can measure two microns very easily, and 
they might be right. I'm not this experienced. I know we are 
getting down to the danger limit of that level. 

DRULDUPRE:) sinanksyou, doctor. 

Thank you, Miss Jolley. I'm sorry. I just wanted 
to interject there. 

MISS JOLLEY: No problem. 

MISS JOLLEY: Q. My second question has to do 
with the macrophage and the lysosome...I'm not sure if I'm 
pronouncing it correctly...leakage. Presumably that enzyme is 
destroying biological material, or can. When it leaks out into 
the...against the alveoli cells would it not also do damage to 
those cells? 

THE WITNESS: A. Undoubtedly, yes. I think the 
idea that has been put forward on tumor production is that 
prolonged damage caused by these enzymes might be the carcinogenic 
factor. 

I think my argument would be that we do know that 
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THE WITNESS: (cont'd.) these enzymes are liberated 
in other conditions...any time macrophages break up...in areas 
of acute information, for example, and certain in chronic 
information, there must be liberation of these lysosomal enzymes 
and probably that is responsible for quite a lot of the inflammation, 
pain and swelling that you get at these times. 

But I don't think there's any evidence that these 
enzymes go beyond killing a few cells. There is no evidence that 
they themselves are carcinogenic. 

Glmelthwould not account, for the: fibrosis, 
necessarily? 

® BEG ts possiblecthat<«1 tycould .account, for the 
fibrosis. There are other ideas. These enzymes are one type of 
substance that could escape from the cells. People have talked 
about specific factors rather smaller in size. 

Professor Heppleston's famous factor was supposed 
to be a polypeptide of only about, I think, fifteen thousand 
molecular weight, whereas the lysosomal enzymes are quite large 
protein molecules and many times that size. 

This is an area where there is a lot talked about 
and not too much really concrete evidence. 

Q. My last question was about the wet dispersal 
method of...with fibers. You have suggested that in fact when 
those fibers are separated in the lungs, they are indeed 
individual fibers and therefore they may be more susceptible to 
breaking up, and perhaps therefore we can conclude that that 
would make the asbestos less dangerous. 

In fact, the industrial epidemiology studies 
done in the industrial use of chrysotile indicate that it's more 
dangerous than at the mining/milling level where they are untreated. 

Could that theory also be used to explain the 


opposite? 
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A. I believe you are talking about at least two 
| different things, aren't you? I think it's fair to say the 
difference between the mine and the factory - in both places you 
5| are normally talking about exactly the same type of asbestos. 
| It's being handled rather differently. In the factory it's probably 


ripped up more finely, it's more mechanically agitated during the 

lj factory processes. 
For this reason, you simply get more dust in the 

| it atmosphere than you do in the mines. But what dust you do get 

LS Of pretty similar, type. 
| The wet dispersed chrysotile is a completely 

different process, but uit. only. occurs, in. the factory situation 

} and therefore any effects that wet dispersed chrysotile would 

a have would only be on factory workers or just possibly workers 
15| using the final products. But you wouldn't have a mining comparison 
| there at all. 
Ou. | L.guess Tim asking a,question aboutpuntreated 
versus treated asbestos. 


A. Well, the results, the experimental results, 
that I talked about did indicate that the wet dispersed chrysotile 


in rats was more dangerous than UICC chrysotile. 


20 


Now, you could say that the parent asbestos of 


the wet dispersed chrysotile obviously wasn't UICC chrysotile, 


that there could be a possible variation here. But we are 


covering that difficulty in a moment in a new series of experiments 
25 where we are re-examining the effects of some different wet 


dispersed chrysotile samples, and now we've got a built-in control 


of standard chrysotile from exactly the same production batch 


as we've used in the wet dispersed chrysotile. 


We will have that comparison later on. 


QO. Can I ask one final guestion that has occurred 


8 


to me, and this is another. There is a great deal of debate about 


tease 
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Q. (cont'd.) the whole issue of injection studies 
and the usefulness of it in taking it to humans, especially over 
the manmade mineral fibers, and for instance in a policy about 
cancer, if there is no epidemiological evidence but there is 
injection evidence, should one consider that that was worthwhile 
evidence to indicate that there may well be a problem? 

A. I think you should certainly accept it as 
meaning you should look out very carefully to see what the real 
situation is inthe human being. We realize the injection 
experiments are very, very artificial and we do them for the 
simple reason that using the normal technique of inhalation in 
experimental animals, the number of mesotheliomas produced is 
very small. Of course that's the same situation as in the humans - 
the mesothelioma has always been a rare tumor. 

But for this reason, because they are relatively 
rare following inhalation, it's almost impossible to get enough of 
them for accurate comparison between dust types. Therefore you've 
got to use an artificial, an exaggerated situation. 

Now, what sort of evidence from that can you take 
as reliable? Well, firstly, if you got no tumors at all, because 
we believe the rat is rather a sensitive animal, I think I would 
expect to extrapolate that information directly back to human 
beings. A substance that did not produce mesotheliomas in rats 
by injection, I would say would never produce mesotheliomas in 
humans, and I would strongly suspect I could rely on that statement. 

With glass fiber, something like that that 
produces mesothelioma in rats, or with the wet dispersed chrysotile 
that in rats seems more dangerous than standard chrysotile, we are 
back to this subject of how would these fibers behave in the 
human lungs over long periods. 

Now, if they will survive, I would trust the rat 


data. But I would have this caveat, as I've said several times 
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A. (cont'd.) today, I can well imagine that given 


the long timespan involved in humans that a dust that is potentially 
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dangerous can actually be removed before it does much. 


5 That could be the answer to glass fiber. As yet 
P| we haven't got sufficient data. 
| MESS UJOLLEY,2 thank jyou very much, Dr. Davis. 
i DR. MUSTARD: Can I interject just a moment on 
f thatnnoint? 
| a It seems to me there is kind of a dichotomy here. 


The modern approaches to screening for carcinogens have adopted 
Ene policy ;paSetargassiycan tell, “that yourvcan use bacterial 
J assays for trying to determine whether a chemical substance is 


a potential mutagen, and therefore possibly a carcinogen. 


If it's positive in those tests, you move up to 
45| animal tests in which you feed warehouse quantities of chemicals 
over short periods of time to animals like rats, because of the 
factor of time and inautctrone=-lf 1€°sS a carcinogen’ then, 2t7s 


de facto taken by most of the proposals as being a very high 


risk substance for human beings. 


It would seem to me that if you turn it around 


20} that maybe the biologists are being a little too protective of 


their work. In effect what you have is a biological model which 


‘iin 


is a very direct assay for whether or not something will induce 


Cancer, and it seems to me that your injection experiments are 


strong, if not stronger than, the standard, simple bacterial 


6 assays for looking’ for*potential* carcinogens. » In. effect, one 
might want to say that that) is, Ivthink it would be fair to say, 


very major evidence of a high risk and therefore one should be 
concerned about the possibility of using anything that could get 
into the peritoneal or pleural area. 

in othner wordsyfa. m trying to-put: it) into the 


30} other perspective rather than just the asbestos perspective. 


‘AG 87 (6/76) 7540-1171 


tat conan.» obs was as 
tb Seo ovat a | esl 
Lay nezoae debe aes odl.9 


" “ i ae ’ ‘Y 
si Sone Padus re! " my } 1 
AADC DE ARAB Sh a + : tH 
mae a wiki rap cae 
O27 Ce OVGM HOY it Py git de hake 
| a ne ibs ied ne 
a, opie i 7 
age’ ; seis sia af fhe 
nd mo somb oa ras . Alka 
ind vow, 2 pitt ont ale, ye ng 
“4 i ae ie) gy 
baatre ad sae meee ‘ype. CORE ea 
Boa) ov so oate ty ogi. reione ne . ia oF rc ie 
Pe ee ee eg 
a ‘ae r 
ane or nim ify be tate ated, i : ?, ; we 
eu neem Ente. pane tae a 
Len FAAS lt vip Oe at 
7 es puri Py re ia 
me rs . i " wd ith rT vt : 
a Keo ‘ : oi 
om a # 3 


ce) 
nie 


- ah i 
ene 


vi 


il 87 (6/76) 


J 
al 
i) 
i 
5 
7 
ji 10 
i) 
‘ 
. 15 
i 
J 
it 20 
i 
fl 
25 
fl 
g 
fi 


ret WA Ol Davis, cr-ex 

THE WITNESS: Well, I would agree with you entirely 
that taking this view that is taking the chemical carcinogens, but 
if you have any evidence of animal carcinogenesis you assume 
definitely that you have a distinct human risk. 

I agree with you that it's entirely logical to 
step from there to accept our rat injection studies...entirely 
logical. Nonetheless, I can see the situation which we have 
already discussed where these fibers, potentially carcinogenic, 
in fact can escape from the human lung. 

So although I've got to accept your logic entirely, 
I'm not quite sure that this will give us the right answer. 

Maybe, of course, it doesn't always give us the 
right answer with chemical carcinogens. But that has been the 
standard practice, as you rightly point out. 

DR. .DUPREs) M. Casgrain? 


CROSS-EXAMINATION BY M. CASGRAIN 


Q. Yes. I only have a few questions, Dr. Davis, 
and this may not be taken as a compliment by some, but I want you 
to know that you are one of the few experts who I've been able to 
understand so well so far. I want to thank youevery much for the 
clarity and the pedagogy, if I can use the word, in instructing 
me, at least. 

You mentioned the experiments or the findings of 
LeBouffant, and in this connection you spoke about the fact that 
one had to look at his sort of warning seriously because, if I 
remember correctly, having found chrysotile in the pleura in 
cases of mesothelioma almost consistently, one would tend to 
think that this would be the cause therefore. 

I think this is what I understood more or less...or 
at least that you should take heed. 

A. I think I suggested that because of LeBouffant's 
findings, if they can be confirmed, then one would have to 
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A. (cont'd.) seriously consider whether or not 
the short-fiber chrysotile might not be the important factor. 

I think one would have to consider it. That 
doesn't mean to say I would necessarily indicate that it might 
indeed be the dangerous material. 

Q. There's something that I misunderstood, perhaps, 
Or something that I missed. In LeBouffant's cases did he find 
chrysotile only in cases, in the pleura, only in cases of 
mesothelioma, or would you not think he would find chrysotile 
in any event in the pleura of people otherwise healthy? 

A. He looked at pleural tissues from quite a 
large group, and’ I think’ T'm right in saying he had some cases 
where the pleura was thickened with fibrosis, no tumors, and he 
probably looked at even apparently normal mesothelium, and I 
think I'm right in saying he found these short fibers in all cases 
to be the predominant ones. Whereas in the center of the lung 
he found the chrysotile that was there was present in rather 
longer fiber lengths, but it was now the Minority dust and most 
of it was amphibole. 

His surprising suggestion - he did surprise, I 
think, most of us in this field - was that out of the pleura 
it was the chrysotile that was the predominant dust. That has 
been the surprising thing and that is why I say we do need to 
confirm this. It is possible he could be wrong, but it does 
need confirmation. It's a surprising and possibly very important 
suggestion. 

Q. Just to be clear now, should I understand that 
he found...I'm suggesting to you that in effect if you take 
asbestos workers who have all been exposed for the same period 
of time to chrysotile, my suggestion was - and perhaps I'm 
wrong - that you would find chrysotile in all of the pleurae 


of the people who have been exposed, as it would normally get there. 
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then say that this would be evidence or should be looked at with 


= 


care because perhaps this is where mesothelioma comes from, if 


all the workers have it and if, of all these people, they don't 


= 


all have mesothelioma. 


You know, supposing that say ninety percent are 


very healthy? 

As) oThat vs.a. logical statement, but it wouldsalso 
190| @pply to any fiber length that happened to be present in the lung 
tissue, because only a few people get mesotheliomas, with any 
dust type. 

The important thing of LeBouffant's statement was 
firstly that he didn"t find) atlotof ‘the! ‘amphibotes:, especially 
crocidolite, out in the pleural area where we thought they ought 
15} to be, producing these tumors. That's surprising, if it's true. 

He found “chrysotile, but notiichrysotilejin prelatively 
long fibers. He found it in the broken-up, short fibers which 
most of our evidence suggested were the innocuous ones. 

Those are the supposed facts. The way you go 


on from there is, it's pure supposition. 


20 ; 
The obvious one is that it could be that these 


short fibers were the dangerous fibers, but there are many other 


possibilities. 

Q. And broke up eventually? 

A. Have broken up...no, the worrying suggestion 
295 is that they broke up before they produced a tumor. But it is 
equally possible that they produced a tumor while they were in 


the long-fiber stage and then broke up. It's certainly possible. 
Q. I see. In the course of your testimony I 

was intrigued...perhaps I didn't follow it properly then...by a 

sentence that you used when you were referring to the macrophages 


and the effect that a longer fiber had on those macrophages 
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Q. (cont'd.) and affect it as it would pierce it 
Or they were not able to properly engulf it. 

You talked about something - you used the words, 
the process tends to progress. I noted those words. Do you 
recall having said that? I'm trying to get back to where I was 
then, because I missed you, this is where I left you. 

A. That little group of words doesn't mean 
anything to me. 

Q. Well, there was something about the fact that 
the process of the long fibers continuing to progress, vis a Vis, 
I suppose, its attack on the cell. . 

A. Is this when I was referring, perhaps uto.the 
fact that cells having taken up dust might and certainly could 
(6 i k= ery 

Q. Mmm-hmm. 

A. ...liberate the fiber, which would then be 
taken up by new cells, and this process would go on and on as 
long as the fiber continued to exist? 

Ol} i believe this, is what. vou said. Nowe. 
understand. 

DO you mean to say in other words that the one 
cell would be taken up by another cell again and again, and 
this is the process that you are refLerring. to? 

A. Well, not so much the cell would be taken WD. 
If the cell died, then most of the cell is made up of protein 
and other biological materials that can easily be digested by 
other cells. This would happen quite guickiy, but the cells, 
the surrounding cells, can't digest the asbestos. They have to 
phagocytoze it. 

I can well imagine an intermediate stage where 
the fibers are liberated from the cells and lying almost free on 


their own again until more cells come along and pick them up. 
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A. (cont'd.) Certainly I believe this process 
could go on through several new generations of cells, and the only 
limiting factor would be how long the fiber lasts, whether or not 
it breaks up, whether or not it dissolves, whether or not the 
cells actually escape from the lung at any point and don't die 
and leave their fiber behind in the lung. 

Q. Can you...are you able to give me any estimate 
of time when you say how many generations of cells...we are not 
10} talking, of course, of human generations...but can you give me 
an estimation? 

A. Not an accurate one. I believe it's agreed 
that macrophages in life have a lifespan that is certainly only 
measured in a relatively few months...they are an end cell... 
it may be less than a few months. I'm not quite sure of all the 
ie evidence on this. 

In vitro, for example, they will only last for a 
few days in cell culture, but I believe even in lung tissues an 


individual macrophage, once it has started to be a fully-formed 


macrophage, has a relatively short lifespan. So certainly we 

29} are talking, in a rat of two-years study, we are talking about 
several generations. I-wouldn’t like to put a number on a 
generation. 

OO. Pe@rmaps, tO, pe @ aittle more speci tic. ..so enact 
in effect if I take the one fiber which is longer than say twenty 
microns, this is the dangerous one, as you say. That is the one 

25; that these macrophages are tackling. What I would like to know, 
in the light of what you just stated, that it might be picked up 
again once the macrophage has died. I would like to know how long 
that long fiber could manage to survive as a long fiber within 

the lung so that it would remain causing damage, as it were, to 
other macrophages. 


A. Well, this, of course, is the most important 
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Ao contid.)  fpoink. pil havent. got ausimple answer, 
but we have discussed today the possibility that asbestos, 
perhaps especially chrysotile, eventually breaks up in the lung 


tissue and this will be the limiting factor. 


But I have indicated our data on this, certainly 
the timespan is almost nonexistent, certainly inadequate, and this 


is where we do need a lot more data. 


Q. On the other hand, you have also found, and 
10 others have also found, in examining lung tissue when dealing with 
chrysotile fibers that normally what they found is very little 
fiber left and at that they were normally short fibers. Is that 
noe correct? 


A. We are talking about...switching now to the 


human lung isa-buation.... 
15 OS kes. 


A. ...where people have found relatively little 


chrysotile, in the lung parenchyma they have found some long 


fiber, but of course you don't know what the original percentage 


was; SO.y.0u. don,t know ii twas changing «but there was aot, of... 
there was little chrysotile overall, but of what there was, 
oy some Of it was certainly long fiber and a lot of it was short. 
The really important information was LeBouffant's, 
out on the pleura, where it appeared there were no long fibers 


vie gelibile 


Q. Can we stick with the lung for a minute? 
25 A. Mmm-hmn. 
So you say they found long fibers within the 


= 
© 


lung? 

A. Some. 

Q. Some. And were those found to be directly 
attributable in those cases to a fibrosis, for instance? 


A. You are talking about individual fibers. Now, 


g 


AG 87 (6/76) 7540-1171 


nur 
f 


A 
gi cle ‘hae | vetaonmbasih ‘th ra 
j i » 


siaw qedtnal mei pt onl 
my wht vray wi ere ones 


ie OC yy peak ner 


ofIisit view dbp tet, Sneek: pe 

| cuit. esitenain tue't ved yn? ss 
wena siaap fankeixe ad, atte, jon ; 
ite 90k 6 eee aed? tun, vi pon, 
ai, ee cathe, re hte ; 

io¢erte ‘ail De te af) x Lome 

2 aT te, mike The weet | 


arty nidaie: th 


voy nee 


a 
A 
A 
J 
5 
I 
_/ 
ie 
| 
a 
15 
| 
| 
o 20 
il 
25 
i 
J 
ae 
y 
J 


AG 87 (6/76) 


- 126 - Davis, cr-ex 
A. (cont'd.) if the lung burden of the type that 
LeBouffant had produced... 


Q. Yes? 
A. ...Say was ten percent chrysotile and ninety 
percent amosite - which is a likely combination - and there was 


some fibrosis, how could you be sure which produced it. This is 
cheagreat difficulty. 

Q. What I'm really trying to lead to is another 
question along with the continuing effect, if you wish, of asbestos 
fibers once they have been inhaled and they remain, as you say, 
long and therefore are not expelled by the macrophages. 

I think something was stated by you as well in the 
course of your evidence, although I think it was another subject, 
talking to take the people away from exposure to asbestos. I'm 
really coming to that point now. 

If a worker is exposed to asbestos dust in minute 
quantities, say, after he has been exposed to large doses, with 
thereftect)*the result thatehesihas, perhaps ,Wremaining in shis 
lung some of the long fiber that we have talked about, would you 
say that the process that you described would continue on? 

ltvsPacademice. 

A. We certainly have evidence from the rat 
experiments that the lung fibrosis progresses after you have taken 
the animal out of dust exposure completely. Most of the fibrosis 
occurs well after the dusting has ceased. One would therefore 
expect a’ similar situation to occur in human beings, so that if 
somebody had had a very heavy dose for a number of years - now 
you say if you took him out of the dust - that wouldn't necessarily 
stop the progression of the disease. That's one answer. 

If youare’ saying would it be a-’good idea, well it 
might be on the grounds that stopping him getting asbestos is a 
good idea anyhow. But I don't think you could say it would stop 
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A. (cont'd.) the development of the disease if 
you've got enough dust already. 

Q. What I really want to know, would you please tell 
me now about the progression of the fibrosis inthe rats. Can you 
give me an idea of the rate at which it progressed? Or in any 
event, as to the parameter that permits you to say it progressed? 
Because if the rats had been exposed, for instance, to very large 
doses, especially by injection, they would have a fairly severe 
fibrosis to such an extent that the lung would have very little 
tissue left with which to function, would it not? 

A. Yes, I think that is true. The data on which 
I would base the statement that in animal experiments certainly 
the fibrotic process progressed, was that paper we have mentioned 
quite a few times today where we looked at the mass and fiber 
number of the dust, the effect of this. 

That applies to a lot of our inhalation studies, 
and our normal procedure is to dust the animals for one year and 
then let them live out their full lifespan, which is a total of 
about three years. 

Since they are about three months when we start 
the experiment, this means they have probably got eighteen months 
or so after the end of dusting. 

Now, if you examine the amount of fibrosis present 
at the end of the dusting period, you find little, not very much. 

If you examine them, some of them, six months later, 
you get still quite.a little, but’ rather more. 

Then if you look at the oldest animals, you find 
that you've probably got really quite large amounts of fibrosis. 

The period when it develops rapidly seems to be 
rather more than six months after the end of dusting. It may well 
be one of these factors associated with old age, as tumor production 


is, in the rat. Possibly one might expect exactly the same thing 


7540-1171 


A 


iio? 28% sift voy bivow wont eit: . 
overs net y aise ‘ety nd ‘aeiosedit® 
dhe ok 26 Shand ORO dit per’ 
Theswarpota 42) bom “OE ON Ce, iach sand 
opunal yisv oP ,@o0s +a0k tod , beecqie., oer 
otaved YITIZI 5S Ove 7: btuow vans nol tasting wi 
eri yveev evad Bivgow nt sits +o a dam04s | 
S400 32 Pleow wat saani% th. ! 
; 7 ery 
at 19 75 ar - BL ry hea | ha tedd. m mt it oe oe ae 
injadwed tinantaegxe Lenkas ad aes aihaiaacaen vos oo 
Py ¢ Tol t pay ge cf iW 290g as | 4 eM : “a piedmont 
La Dish. &e | on v6 bates. gw a ite: eho? a6 
2h0F 3 Sas ‘ina. we or om 
rave on sa 
P * B i , i bs a 1a, ay +A te & 38 pigeon a4 
tiers 
hoes é ¢ ting ers. team os eho \ Ixiaton 
: , megs mw seal : af yi 
o tedeo ci to ldw eget Et: ity “abwida tig. Be Se, 
ie f tits om A » * 
Laie ve 
} ; reits 
207m feaeec nie Fo 
Snokeotg. elev > SHUG GG 
erwin: vy hon . eure % bedi 
i metel went om bape: I \. 
| | mE erie! aa: jee vo 
Me iv; ene ay aia Mine tpg ten Be itl ‘ae. uv) 
| fei aie a ‘sprints: ae hb, rk 


bed. (Oo einer 
he bie aT 


ee — rane. ‘; 


ie ; Aun ; 
he Dawe Hi 7 1 M, 
eo ‘t [ i Tues ae a; 
he 


eaheges actor 
anid iar t0. bs" 


- 128 - Davis, cr-ex 
A. (cont'd.) exactly the same thing in the human 
being. 

5 But certainly you can be sure that most of the 
fibrosis develops after the end of dust exposure, so it depends on 
either an early reaction to the dust or dust remaining in the lungs. 

Q. That was my last question on that particular 
subject. At that time did you, in effect, when you made those 
examinations, did you check precisely what remained in the lung 

10; in terms of those long fibers? 

A. We checked what remained in the lungs in terms 

Of, the, mass of, dust.. We did. discuss this point. earlier and I said 

we would very much like to determine the fiber length of the dust 


that remained in the lung, but we are not yet at all happy that 


‘% we can extract the dust without breaking it. We know we can get 
it out and weigh it, but we do think that our present techniques 
break up) the dusts quite allot. | So ithat we wouldn't be getting 
the figures that we are really after. We wouldn't know what the 
dust was like sitting in the lung tissue, if in extracting it 
you broke up a lot of the long fibers. 

20 So at the moment all we've really got is 
gravimetric estimations... which show that there is quite a lot 
of dust that remains right up to the end of the study. 

O.™, Are you. saving, Dr. Davis,, that the fibrosis 
that was already, in the lungs of that rat when you sacrificed it, 
atuleast, Char iwarticular fibrosis....how Can L say it... .continued 

28 on its own without the help of any other fibers present in the 

lungs? In other words, did the initial fibrosis caused by what 

you described to us, did that continue to feed on itself, as it 

were? This is my question. Or did it not have to have additional 

asbestos? 
A. Well, it obviously didn't have to have additional 


asbestos, because most of it occurred after we had stopped giving 
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Azwp(contids) asbestos.» But) Isthinksitis quite 
likely that it did depend on the asbestos that was already given 
and remained in the lung tissue. 

SO probably what we are saying is that fibrosis 
in these circumstances is a long-term procedure, and as long as 
the dust remains in the lung it just builds up with time. 

DR. MUSTARD: Can I interpret this a bit more as 
well? 

“s It seems to me from what you've said that as long 
as the fiber, a fiber, remains unprotected...that is, is not 
fully incorporated into a cell or it could be incorporated, the 
cell dies and it appears again...fresh macrophages will come in 
and interact with it? 

M. CASGRAIN: And create the fibrosis. 

15 DR. MUSTARD: What I was saying earlier today, 

a macrophage in other situations, such as in your arteries for 
the development of atherosclerosis because you have the same kind 
of proliferative response that forms a form of fibrosis, and we 
know there that the macrophages can synthesize - that is, make a 
small protein which it releases which will cause the cells in 

_ the vessel wall to divide, which means you have more cells, which 

iS,.part,o£ fibrosis; »So,oneswouldipredict,.on,thesbasis of what, 

I think, we've heard today, that as long as the fiber can periodically 

become available to fresh macrophages you would receive fresh 

stimulation to fibrosis, which seems to be quite compatible 

with what you have told us... 

THESWETNESSsweWell, Lethinks., 

M. CASGRAIN: There is a mechanical action going 


25 


on, this is really what we are saying, until such time as that 
particular fiber which has caused that macrophage to act in this 
way actually breaks up so that it is swallowed up by it, and 


30/ then the process will stop. Is that not correct? 
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THE WITNESS: This might be logical to suggest. 
I don't think we've got the certain evidence. 

Q. Well, I'm really saying this, doctor, because 
I'm thinking in terms of people who, you know, once examined...and 
you must have heard of cases of that nature...for say asbestosis are 
found in the two or three years that follow that it has not 
diminished, but at least had complete abated. Surely you have 
heard? 

A. Yes, I've heard of these cases. I've not been 
involved with any, so... 

Q. That's why I was asking those questions, the like 
of this sort) ofWthings 

A. Well, the evidence from rats would tend to 
eontradicteit; 

On the other hand, if we follow on from other 
things we've said today, we have suggested that fiber can remain 
in the rat lung long enough to cause a lot of fibrosis and 
eventually tumors. I have suggested that with chrysotile, at 
least, it's possible that a lot of the fiber breaks up and is 
removed from the lung. 

If that is the case, it might well be that the human 
asbestosis would not progress. All I was simply saying is that in 
Our animal experiments the facts are that it does. 

Oe #bysdes 

A. Now, if you could remove the dust from the 
lung, if it broke up and you got almost...or even significant 
clearance, a very great reduction, it might well be logical to 
suggest the process would, I don't think regress - you've got too 
much solid fibrous tissue and I would be surprised if it 
regressed - but certainly not progress any more. 

| So that again, it's most important for us to 
determine whether or not this dust really is breaking up. 
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Q. Are you aware that experiments are being or 
have been conducted - and I may be wrong there - about the sputum 
and the fact that as a result of studies on sputum one has found 
that indeed this process that we just described is being verified 
in respect of chrysotile? 

A. I'm not sure of the studies you are talking 
about. It's well known that for years you get people coughing 
up asbestos fibers in their sputum. We know that there is clearance 
10 to some extent. 

But that could be relatively a small percentage of 
the total lung burden. It might not have an effect. 

What we are really interested in is if you had 
quite a serious load of chrysotile, over a long period of time it 
might - most or nearly all of it - break up and be removed. 

15 There is some suggestion from human studies, but 
not enough definite information. 

Q.u) Oneblast question; «Dri sDavisis  Youesaidyvthat 
at one point you needed, of course, to have new evidence using 


modern technology - that is, a cleaner plant shall we sav - and 


could you give me an idea of what you would consider as a long 

a enough period of time to be able to come to some conclusions that 
would be able to justify some of the theories that have been put 
forward with respect to the amount of dust that may be permissible 
to inhale without any dangerous effects? 

A. I -think»it's guessing to aycertain éxtents “You 
95| might get some information of interest in as little as ten years, 
certainly as far as asbestosis is concerned. But I would probably 
have thought we were talking about twenty years, because the 
period of time you know you will get quite a reasonable number of 
tumors or carcinomas, if they are going to develop. 

But if you were worried about mesotheliomas, as 


30/ many workers have reported, it might be forty years needed before 
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A. (cont'd.) you could be sure you weren't going 
aq to have any. 
Lt’ stveryrdiericuilt to Guveran 
z Q. I understand. With respect to mesothelioma, I 
a think this is quite correct. But in respect of tumors generally, 
whether they be cancerous or not, do you think that twenty to 
i twenty-three years would be... 
A. I would have thought twenty would give you a 
“i 10} pretty strong indication. If you really are sure of your dust 
figures back as twenty years, then I think that would be most 
J important information. 
Q. Finally, I think this was my penultimate question 
because I have another one, but it is the last one. You testified, 
Z| at least you talked about the chemical, the chemistry of the fiber, 
18) and can I understand from you. Chatsin ywourmview 1t ws not. cof 
“I course my learned friend asked you the question about...I don't 
: know how he used the word...the protagonist...what was it you used, 
a John? In respect of whether one was the starter or... 
MR. (DASKIN: Wnitvator,. 
| 
‘| 


20 MR. CASGRAIN: Q. Initator or otherwise. I suppose 


you may have answered that question. 

But imyvdirect. question. to you 1s, dae you, an your 
knowledge, do you know whether the chemistry itself of the fibers 
could be responsible for the cancer? 

As Well, werdid dascuss thisipoint, tandra tegis: a 
25} little problematical what exactly you mean by chemistry. 

What I meant by chemistry is the actual chemical 
molecules existing inthe dust, and I think we've got quite a lot 
of evidence that this is not very important. 

But when we were discussing it this morning I think 
I went on to say well, probably under that heading of chemistry 


ought to be included the factors which result in the separation of 
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A. (cont'd.) the fibers in breakup, and that could 
be important. 

O-y Buti ie wouldn’t. be. the magnesium in the fiber, 
OF the nickel Vingthewerber mor ss 

A. No, but here I ought to be more of a 
mineralogist. The very chemical differences, I believe, would be 
responsible for the ease with which fibers breakup or separate. 

Q. Yes. But you are not saying that it would be, 
for instance, the actual composition, ingredients making up the 
fiber? 


10 


A. I think the evidence is very strong that that 
is not important. 

Q. Assuming that, therefore, we then conclude with 
you that it is really the length of the fiber that might have some 
15} effect because of the effect it makes on the cell, is that. correct? 
A. That is the suggestion, yes. 

M. CASGRAIN: I have no other questions. 
Thank you very much, Dr. Davis. 
DR. DUPRE: Dr. Davis, you have been very indulgent 


of all of us. I think at this stage the commissioners might have 
20 


a few final questions to pose, doctor. 
Dre Utten? 
DR. UFFEN: I've got just one area that relates to 


s 


the interpreting of the data from animal experiments relative to 


humans, and it's the question of scale. Do we have to be very 

95, Careful if we use a little animal like a rat, whose lungs, I guess, 
are of the order of a centimeter or do, and we scale up to a human 
where the lungs are about thirty centimeters...I was always taught, 
you know, that volumes go up as the cube of their length and 
surface area goes up as the square, and this leads me to ask, do 
rats breathe about the same rate as humans? 


30 THE WITNESS: No, they breathe much faster, so the 
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THE WITNESS: (cont'd.) number of breaths...they 
take a lot of breaths at a much smaller volume, actually, inthe 
same way that their heartbeats are very much faster. 

DR. UFFEN: The lung is a sort of big sponge, isn't 
i teenltoisn tegusteangreatubarrelawith asshell and an inside. But 
when you scale up is the surface area that's exposed ito fiber, 
relative to the volume, different for a rat than for a human? 

THE WITNESS: I think perhaps the way to answer 
oy enatequestionsisatoucad that theusizcsee che airspaces, the 
alveoli, is not too much different in the rat and the human. 

The large increase in the size of the lung is because 
you've got a lot more spaces. 

DR. UFFEN: Are the macrophages for a rat the same 
aS ,nInasize, asufor.auhuman 2 

THE WITNESS: Very similar. 

DR. UFFEN: Very similar. 

THE WITNESS: Within exactly the same order of 


magnitude. I'm not sure if there are some detectible differences 


15 


or not, but certainly we are talking about roughly the same sort 
20| of size range. 

DR. UFFEN: You used...you did explain to us...the 
best you could do, two milligrams up to twenty or whatever it was. 
There's no danger that you are putting a concentration into a 
little rat which is out of all proportion to what we should do: for 
a human lung to simulate a similar condition? 

ae THE WITNESS: Well, we realize in the experimental 
conditions we are using vastly exaggerated doses. 

DR.) UPFEN+\6 1h sknow sthat,<ibut) it''s the scaling up 
that's worrying me at the moment. 

THE WITNESS: I think the answer is that the rat 
will be taking in, from any dust cloud you would like to Piucwup >. it 


will be taking in probably the same fraction compared to its body 
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7 THE WITNESS: (cont'd.) size and weight as the 
| human being - about. Certainly in the same order of magnitude. 
5 DR. UFFEN: Just one final one. Is there any other 
| animal that will live a little longer than three years, maybe more 
| expensive, which we could use to solve some of the problems - even 
q if it takes ten or twenty years? 
THE WITNESS: Well, the answer is obviously yes. The 
, closer you get to man, the better things go. The person who has 
j 10| had the best experience with this is Ian Webster in South ALErica, 
who has used baboons. He has been doing this work for a number of 
] years. 
The disadvantages, of course, are tremendous cost... 
i) to get baboons in any other country than South Africa is almost 
prohibitive...and relatively small numbers, because you TS teacan. t 
q Le keep large numbers of baboons. You are talking about groups of 


ten animals, ten to twelve animals, for an experimental study. 
DR. UFFEN: What about a dog? Dogs live ten years, 
] frequently. 
THE WITNESS: Yes, or another animal of that size. 


i 20 I think most of us would feel if you were going up to that size, 
we would like to go to primates. 
il DR. UFFEN: Okay. 
THE WITNESS: Because then we know that all the 
{| processes are getting closer and closer to the human the whole 
time. 
25 Now, Ian Webster's studies, what's he got...he's 
| got obviously comparable data to humans. He's got some asbestosis, 
he had one pleural mesothelioma in a baboon, for example. 
{| They are obviously reacting in the same way. 
DR. UFFEN: Can you teach a baboon to smoke? 
i] THE WITNESS: I don't know the answer to that. 
sed DR. DUPRE: Dr. Mustard? 
ij 
tf 
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DR. MUSTARD: There have been smoking experiments 
done with other baboons, Mr. Chairman. 

DR. DUPRE: Thank you, Dr. Mustard. 

DR. MUSTARD: I would like to ask you some questions 
related to, L guess its to aycouple,of vour tabs... One.1s tab 
twenty where you, I think, tried to look at whether feeding 
asbestos fibers would lead to problems in the gastrointestinal 
tract. You would think...you fed the asbestos fibers in butter 
or margarine to the rats and didn't observe any effect, which raises 
an interesting question. 

If those feeding experiments did not work, do you 
have any theories as to how asbestos might cause gastrointestinal 
tract tumors, and mesotheliomas in the lining of the gastrointestinal 
Eract? 

THE WITNESS: I did suggest the possibility that 
whereas we failed to find fibers in animals treated only by 
injection, that if we looked at animals treated by inhalation 
you. could find fibers.in all the body organs. It's logical to 
assume that these had moved around the lymphatic channels. 

DR. MUSTARD: Are the fibers moving through the 
lymphatic channels, or are the macrophages carrying the fibers 
moving through the lymphatic channels? 

THE WITNESS: Certainly some macrophages do go. 

I would not rule out the possibility that some fiber might not 
move on their own if they could get as far. 

Let's say a macrophage died in a lymphatic channel 
and. liberated a_fiber. I, don!tsknow, the answer to ,that one; put 
certainly, of course, you find in your lymph nodes dust contained 
in macrophages and it's logical to assume that the macrophages 
actually travelled with the dust. 

DR. MUSTARD: Now, if that is one way in which 


the fibers move about in the body, is there any evidence about 
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DR. MUSTARD: (cont'd.) the size of the fibers that 
would move into that route? 

THE WITNESS: Some evidence, on the simple basis 
that the smaller the fiber, the easier it is. Certainly most of 
the fibers that you find in the lymph nodes would be of a 
relatively short size. 

Now, that's not the same as saying there wouldn't 
be any moderately long ones, if we are talking about ten or 
twelve microns. I would be fairly certain there wouldn't be any 
two-hundred micron ones. Dh don tethinie they could det -through,. 
But there undoubtedly will be some in the ten or twelve range. 

But © think) you"ll get a differential if vou 
compared lung tissue to lymph node tissue. There will be a high 
proportion of short fibers in the lymph nodes. 

DR. MUSTARD: Has anyone, in inhalation experiments 
in animals, looked at the size of the fibers in the pleura? 

To, in a sense, contrast it with the experiments, the human studies 
that we were just talking about? 

THE WITNESS: The simple answer is no. We haven't 
done so for the reasons I mentioned. We are not happy that we 
can get the dust out without changing the fiber size distribution. 

DR. MUSTARD: You also get a problem that here is 
the rat lung and it's so small that the sample probably is. 

THE WLINESS: 9 Thatwis icertainiy true. 

DR. MUSTARD: It does raise an interesting question 
in my mind, the whole discussion, that the question of the shorter 
fibers remote from the site of inhalation might well be compatible 
with what we think of the biology of fiber distribution, which I 
guess does make one a little concerned about what the significance 
is of one or two reports of the short chrysotile fibers being 
seen in the pleura...of what significance that is. 

THE WITNESS: I think because...I said this report, 
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THE WITNESS: (cont'd.) this information, really 
surprised a lot of people, and I'm sure anybody looking at dust 
in human lungs immediately set out to try to confirm or refute it, 
and so far no publication on this score appeared. But I'm sure 
lots of people are exploring this. I know Chris Pooley is in 
Cardiff. We are about to start some autopsy studies on asbestos 
workers, and of course this is one of our main priorities. But 
we have been completing a very large autopsy study on coal miners 
up to now, and haven't had the personnel to spare on the asbestos 
projyect. 

DR. MUSTARD: A final question, in any of the animal 
experiments have you ever found any tumors develop in the lymphatic 
tissue itself? 

THE WITNESS: VYes.*? This is ditfticult to interpret 
because lymphomas, of course, are relatively common, spontaneous 
lymphomas in rats, and you get a much less clear differential 
between treated and control animals. 

It's something we haven't explored too much because 
probably...because we thought we knew the answers, that it was 
bronchial carcinoma and mesothelioma we were interested in. But 
certainly the simple answer to your question, we get lymphomas in 
the rats. We certainly get some, probably nearly the same numbers 
in the controls in the experimental ones. I wouldn't like to 
answer dogmatically that we don't get some slight increase. We 
certainly get lymphomas. 

DR. MUSTARD: I would like to turn to your fibrosis 
experiments in which you allowed the rats to inhale dust for a year 
and then you stopped and looked at the progression of the fibrosis. 
In those experiments did you carry any rats on for continuous 
exposure and compare the amount of fibrosis between the two groups? 

THE WITNESS: No. 

DR. MUSTARD: Has anybody done that? 

THE WITNESS: I don't think so. I think most people 
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THE WITNESS: (contd.) doing inhalation studies 
have the problem of the limitation of the number of chambers they 
have and can run. We would have liked to have done something 

5| like that, but we haven't done so. 

DR. MUSTARD: Okay. The other question in those 
experiments, was the lifespan of the rats shortened in comparison 
to rats not exposed to the dust? 

THE WITNESS: No. In that we couldn't detect 

Pe any difference between our exposed populations and our control 
animals...no obvious difference. 

DR. MUSTARD: Did you set it up as a mortality 
study to see if an effect... 

THE WITNESS: Not entirely. We set it up as a 
fairly simple study. We had the same number of animals in each 

15| group. We had groups of controls usually of similar size available. 


But we weren't examining that point as the major part of the project. 


Sac eS FSS lke ODS SD eC 


We simply wanted to see if we got different numbers in tumors, and 


only subsequently did we examine the obvious things like the 


| 


survival time of the animals. 
I think we've been very lucky. We've got, so far, 


| 20/ a very good animal unit which we've managed to keep very free 
from infection and can usually take some of our rats up to just 
| under three years, their total lifespan, which I think most rat 
users would say is very good indeed. Some of those will have been 
| exposed to asbestos. 
oe Now ».lathinkvit is surprising ifyyoulve got a number 
| of tumors being produced that they don't significantly reduce 
the overall lifespan figures. I think the answer is that most of 
them develop in the very old animals, and ten tumors that shorten 
{ a rat's life by twenty or thirty days probably don't affect the 


overall figures in any way that you could show. 
| 30 DR. MUSTARD: Unless you set it up as a true 
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DRs MUSTARD... (cont’'d.) mortality study, fwhich...’. 

THEO WELINEOos that's Ligit, which we did not do. 

DR. MUSTARD: Now, in terms of fibrosis, you talked 
about fibrosis in the lung, in your experiments, but you also 
talked about injection experiments and mesotheliomas. 

In your inhalation experiments did you get many 
mesotheliomas? 

THE WITNESS: The simple answer is no. Neither 
did we nor Chris Wagner or other people who have done it. They 
are rare from inhalation, but then after all that appears to be 
the human situation as well. Whereas we might, in a group of... 
if we start off with forty-eight rats..say forty of them survive 
Old enough to produce lung cancer, bronchial carcinoma, you might 
get one, two, perhaps exceptionally, three mesotheliomas...but an 
average of somewhere around the one. So they occur, but they are 
rare in inhalation studies. 

This is why we do stick to injection studies as 
well, even though we don't like them very much. 

DR. MUSTARD: Now, with the injection studies do 
you get fibrosis of the pleura? 

THE WLTNESS?> Certainly the first ‘stage’ of 
injection will be the production of a very large cellular 
granuloma, which will fibrose to a large extent. 

DR. MUSTARD: And you will get that in all the 
animals that are injected? 

THE WITNESS: You will get that in all the animals 
that are injected, and only a few will go on to produce tumors 
sometimes. 

DR. MUSTARD: When you get inhalation-induced 
mesotheliomas, do you also have fibrosis of the pleura? 

THE WITNESS: We've got so few mesotheliomas 
produced by inhalation that that's difficult to answer. What 
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THE WITNESS: (cont'd.) I can say is that we've 
got evidence of fibrosis of the pleura on its own in quite a 
reasonable number of animals, little patches of fibrosis - in 
animals treated by inhalation. 

So fibrosis of the pleura to that extent is not 
rare. Progression, if that's the right term here, from fibrosis 
to mesothelioma, is rare. 

DR. MUSTARD: In the pleural fibrosis do you have 
macrophages present? Can you identify them as being part of the 
pleural scene, and can you identify them as having asbestos fibers 
associated with them? 

THE WITNESS: Where we have done electron 
microscopy. In light microscopy you can't see any fibers, and 
we've done limited electron microscopy which has again failed 
tor find ribers. 

So there's a little bit of evidence, but we 
haven't got dust out in the areas of pleural fibrosis, actually 
in’ the fibrosis. But 1 'm not satisfied) to make that asia 
definite statement. It may well be we failed to find it. 

DR. MUSTARD: Are the macrophages around? 

THE WITNESS: There are a few macrophages, but 
not many. 

DR. MUSTARD: Because one is interested in the 
role of the macrophage in stimulating the fibrosis. 

THE WITNESS: That's right. But it could well be 
that when we see this fibrosis is when the animal dies of 
something else and it is relatively slight and it may well be 
that in the early stages there were macrophages around dust 
particles and when the animal dies, you can't see them any longer. 

DR. MUSTARD: Now I would like to turn to tab 
thirteen, and it's your summary which is at the very front of 


the sheet down to level three and level four in Roman numerals, 
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DR. MUSTARD: (cont'd.) and again pick up John 
Laskin's point, for the purpose of protection of individuals 
exposed to asbestos, epidemiological evidence must take priority 
to that from animal and in vitro experiments. 

I realize what you have said to Mr. Laskin's 
question, and the problem I have is that epidemiological data 
only shows association. The strength of it is related to the study 
design and the consistency of the epidemiological evidence, but 
in the kind of studies that we've had to listen to where they are 
not forward-designed studies where people have randomized the two 
groups with precisely-measured exposures that people are going to 
be given, subject to a tremendous number of variables. 

I'm going to apply another interpretation problem 
where you state that if you go to the animal experiments you have 
the.opportunity todo va controlled; prospectiverstudy. ..you can 
actually expose the animal in a controlled environment to something 
that's definable. 

It would seem to me that, listening to all the 
evidence, that you could be trapped in your interpretation of the 
epidemiological data if one did not take into account what you 
have told us today, and what I think you've told us today is that 
fiber size is probably extremely important and that the stability 
properties of the fiber are also probably extremely important, 
and that if all exposures were to exactly the same fibers in the 
human population, the epidemiological data might be different. 

In other words, our interpretation of the 
epidemiological data might be different because we simply do not 
have that information. We just have very global figures. 

So that has to surely be a major reservation on 
the interpretation of the epidemiological data. Do you see what 
I'm getting at? 

THE WITNESS: Oh, indeed. I'm in a very awkward 
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THE WITNESS: (cont'd.) position here. It could 
be that the rat experiments are giving you exactly the right 
answer for human beings as well, but there is epidemiological 
evidence, some of it suggesting a position in human beings in 
certain cases - especially with crocidolite - is rather different. 

So you are left with a problem of interpretation, 
and the statement I made is really a philosophical one. We are 
saying if you could really trust the epidemiology, it's got to be 
right because it's with the right species. 

DR. MUSTARD: That's true, but I have to have the 
same precision of measurement, which I can't have. 

THE WITNESS: I do agree. I haven't got an easy 
answer. 

DR. MUSTARD: So when you are extracting the ore 
from the ground and preparing it, you must have a different Size, 
I would presume from the evidence we have Tistenéd “to, Gthan Sire 
you are putting it into cement pipe and grinding it up, which 
makes the problem very difficult. 

So I guess my interpretation is, animal experimental 
evidence has greater precision. It has to influence one's 
interpretation of the association, instead of indefinable, and 
epidemiological evidence. 

Is that an uncomfortable statement, to you? 

THE WITNESS: No, I would agree with it. You 
obviously realize that it's a very difficult problem. 

DR. MUSTARD: Then the second thing that I find 
fascinating is the...it's in some of the experimental work you 
referred to...is this whole question of what happens to the fibers, 
which obviously is very important. This obviously seems to be 
very important in a repetitive cycle that might occur to stimulate 
things, and again, it looks to me as if the animal experimentation 
is about the only way one can define properties that might be 
related to that and that you then might go back in and do human 
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DR. MUSTARD: (cont'd.) post mortem studies to 
see if you can extract a similar kind of data which would be 
compatible with the animal evidence. 

THE WITNESS: Yes, as long as the animal survives 
long enough, and we don't have a time factor that spoils everything. 

I think this is what we've got to do more work on. 
The next stage probably is to do some experiments with a slightly 
longer-lived species and see if we can detect more fiber breakup 
than is obvious in the rats. 

DR.) MUSTARD: I think that would’ be’ very important. 
thac 1s certainly Dr. ULrren Ss point, 

One final question on this. You showed in one 
of your sets of slides mucopolysaccharides...or glycosemated 
glycens (phonetic) to use the modern biochemical terminology... 
within the cell associated with a fiber. What is the glycosemated 
glycen accummulation outside the cell, do you know? Has anybody 
looked at it? Is there an increased accummulation in some 
situations? 

THE WITNESS: Of course you do get quite a lot 
of this material in areas of what one might call young, active 
fibrosis. You find a lot of it in granulomas, so that @t wasimut 
really a surprise to find that it tended to accummulate around 
partially enclosed fibers for asbestos body formation. 

But if you mean is there a quantitative figure 
as to how much extra there is about, no, I haven't seen one. 

DR. MUSTARD: And nobody has looked at whether 
there is variation in the amount from animal to animal, in 
relation to the degree of fibrosis? 

THE WITNESS: No, certainly not. 

DR. MUSTARD: My reason for asking the question, 
in a totally different cellular system these mucopolysaccharides 


interefere with the action of mitogens in stimulating cell 


7540-1171 


I 
; i 
y ‘oh j Loney) 
: = i = > 
-¥ ra bast 
im i Ht : 7) ‘ 
eh Oe 
Pan r 
“! rd y 
f Mt 
Lae , 
74 "| ; on bs 
ihe : Ma Vm pee ‘ ‘ a 


ite 3 aban ph a) . ae Ae 
db nt 
4 eelhude mario teoq (itt minnie ih 


ot Dower ribet stab te hah ren pun a sep 


, ee ps ff 
(syasys ‘sada sen? aem9ss wali’ *" mo 7 ” er 


no show spyn.o8) Oo) JOD ev “ae Safin? ar cto, 
vivmpide@: # Mitw ae ape. Ob 9p eh, 
sikogid weal) exom sossted was ial lid a8 baw sotnege 
oe 
fuss want yuev od Shuow, gag eee, + cCaATEUM Peri i 
. eho at ST se: = 

att mt teworte wor .elda ne Mork rena Seat? ORO 
Savamdwotyvls *On . seb hredupmeyhognsiin sabita 20» 
‘oolenkores Sagddeisadd, maaiieon wid oa, os tela 
1 tvige ada ‘a, wey ety & date: haraioqses 4 2 
boda Re Swank dene’ OR yuh aie sbtaswo wolish fac bear 
sna 1! ROL ERR OORN Te aicenihaiety Ree mies ati a el twit 


At 4h 


ass: 


‘al 8 Soaap see BOY obey: a saemegh st), ie 

Sv isa eaueF Laan Veet. eng hb sen att i. 

Yi oamy tr ANeY be saaeOunerte ni a te Sat BL ag 

Britis epbadie nue Da O97 hahnad. ay Raerspanf: 7 
moyenne’ hon: po neneaie: ee | 

away ih: ghana ty ia ete, ae asa 

Senn. fieek +) seve i. van Sn za he: 

Ss Me yobotin: big: his 


rues : Ae 
i Hebe 99 aire ane sis con ta cae 


se ut 


hes 
oct 


ar 


A 


10 


15 


20 


AG 87 (6/76) 


- 145 - Davis, cr-ex 

DR. MUSTARD: (cont'd.) proliferation, so one: of 
the variables might be that they might modify the degree of 
fibrosis. So it would be an interesting quantitative thing-aibut 
there's no evidence back on that? 

THE WITNESS: I don't believe there is any in 
existence. I certainly don't know of any. 

DR. MUSTARD: Okay, thank you. 

DR. DUPRE: I have just one question, if you will 
indulge me, Dr. Davis. You have been very kind to us all day and 
Gt WU sikgettingwon: 

The question I have arises out of your tab sixteen, 
in which you report on the comparison of the effects of animal 
experiments undertaken with UICC samples, and those undertaken 
with factory-dust samples. Of course, I noted your conclusion, 
and to make sure I've got it right, indicated where your chrysotile 
samples were concerned both the UICC and the factory-dust samples 
produced similar levels of fibrosis. The factory-dust sample, 
however, produced less malignancy. 

As I read this point, one thing that came to my 
mind out of our long epidemiology course from last summer was the 
hypothesis that asbestos becomes more hazardous as you move away 
from the mine. In other words, each additional step of processing 
results in a more hazardous kind of fiber dimensions. 

Now, at this point I started to ask myself, is 
your factory-dust sample, as the labelling of it suggests, a 
sample of dust that was taken from an asbestos manufacturing 
operation? 

THE WITNESS: Whats might. It was a textile 
operation. 

DR. DUPRE: Not from a mill related to a mine? 

THE WITNESS: No, no. It was a textile factory. 

DR. DUPRE: Now, is it possible, for example, that 
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- 146 - Davis, cr-ex 

DR (DUPREcay (Cont'*d.).¢ awULCC.sample> which I 
gather has more refined asbestos, might be a proxy for the kinds 
7 of dust clouds that say insulators or maintenance workers can 
5} be exposed to? 

| THE WITNESS: It"s very difficult to answer that. 

Your basic concept is undoubtedly right - the further away you get 

from the mine, the more dangerous the dust appears to be. 

BUCH oethinkes Cc would peu, 

DR. DUPRE: And that would be because there are - 

a if I follow one of your hypotheses correctly - perhaps a higher 
incidence of long, thin fibers? 

THE WITNESS: That's right, because with more and 
more handling you are tending to break up the bundles and there 
are more and more long, thin fibers. 

15 Depending on exactly which process you use, you 
could imagine that some extra handling might actually break down 
a lot of them, and although I presented hypotheses where this 
could increase the total number, it need not happen. It could 


actually reduce the total number. 


20 workers, I just don't know. We haven't looked at dust from 
insulation processes. I don't know the degree of mechanical 
breakup that would be involved. It's something that we'll just 
have to look at on site and examine the figures in detail. 

DR; DUPRE*: But in any event though, 1 canjtake 
om it that your factory dust involved samples taken from textile 
manufacturers? 
THE WETNESS: That's right. 
DR. DUPRE: Counsel, any last questions? 
MR. LASKIN: I don't believe so, Mr. Chairman. 
DR. DUPRE: Dr. Davis, you have been very, very 


30} generous with us indeed and you have come a very long way. You 


] So when you say is UICC comparable to insulation 
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— 147 - Davis 
| DR. DUPRE: (cont'd.) have been most instructive, 
and on behalf of all present may I say thank you most warmly. 

I THE WITNESS: Thank you very much for inviting me. 
5 

i THE INQUIRY ADJOURNED 

10 
15 
oi THE FOREGOING WAS PREPARED 
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